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PREFACE 

Inspired  by  a  conviction  that  there  is  much  more  to 
the  art  and  science  of  lighting  than  is  commonly  prac- 
tised, I  began,  several  years  ago,  a  study  of  the  ap- 
pearances of  objects.  Attention  was  naturally  directed 
toward  those  factors  which  influence  light,  shade,  and 
color,  because  vision  is  accomplished  through  the  dis- 
tinction of  differences  in  brightness  and  color.  In 
other  words,  the  aim  throughout  the  study  has  been  to 
unearth  the  fundamentals  of  lighting.  It  early  became 
evident  that  the  problem  of  lighting,  as  affecting  the 
appearances  of  objects,  could  be  divided  into  two  parts, 
namely,  the  considerations  of  the  quality  and  of  the 
distribution  of  light.  The  former  chiefly  affects  color 
and  the  latter,  light  and  shade.  Color  has  been  treated 
in  a  separate  volume  and,  insofar  as  lighting,  vision, 
and  the  appearances  of  objects  are  concerned,  this 
book  is  a  companion  to  the  preceding  one.  It  has 
been  difficult  to  transmit  to  others  much  of  the  data 
that  have  been  garnered  from  observations  and  experi- 
ments. One  of  the  greatest  difficulties  is  encountered 
in  illustrating  the  discussions,  owing  to  the  extreme 
limitations  of  the  photographic  process  as  compared 
with  the  eye  —  the  recording  apparatus  of  prime  im- 
portance in  the  study  of  light  and  shade  as  attempted 
here.  I  am  unaware  of  the  existence  of  any  treatise 
in  which  a  general  analytical  discussion  of  light  and 
shade  has  been  presented,  therefore  I  believe  this 
book  will  be  helpful  in  many  arts.  The  esthetic  side 
of  the  subject  is  touched  upon  usually  for  the  pur- 
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pose  of  illustrating  the  usefulness  of  a  knowledge  of 
the  science  of  light  and  shade.  The  esthetic  prob- 
lem is,  as  a  whole,  indeterminate,  because  it  involves 
individual  taste.  However,  every  art  must  have  a  scien- 
tific foundation,  consisting  of  indisputable  facts  unre- 
lated to  individual  taste,  and  it  has  been  the  ami  in 
the  preparation  of  this  book  to  supply  at  least  the 
skeleton  of  this  foundation  for  the  applications  of  Light 
and  Shade. 

It  is  a  pleasant  duty  to  acknowledge  my  indebted- 
ness to  the  management  of  the  National  Lamp  Works 
of  the  General  Electric  Company,  to  whom  the  Nela 
Research  Laboratory  and  its  attendant  opportunities 
owe  their  existence,  to  Dr.  E.  P.  Hyde,  director  of  the 
laboratory,  for  facilities  so  generously  provided  for 
prosecuting  this  and  other  work,  and  to  others  who 
have  aided  in  various  ways. 

M.  LUCKIESH 
February  21,  1916 
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LIGHT  AND   SHADE 

AND   THEIR  APPLICATIONS 

CHAPTER   I 
LIGHT  AND   SHADE 

INTRODUCTION 

Vision  is  accomplished  through  the  ability  to  dis- 
tinguish differences  in  light,  shade,  and  color.  If  the 
image  of  any  scene  which  is  focused  upon  the  retina 
could  be  examined  it  would  appear  only  as  a  miniature 
map  of  varied  colors  and  brightnesses  similar  to  that 
seen  on  the  focusing  screen  of  a  camera.  However, 
there  is  an  important  difference  between  the  records 
made  by  the  eye  and  by  the  camera.  In  the  case  of 
the  eye  only  the  portion  of  the  image  near  the  optical 
axis  is  seen  in  true  focus,  but  the  camera  faithfully 
focuses  the  images  of  objects  included  in  a  relatively 
large  solid  angle.  The  difference  between  the  records 
obtained  through  the  eye  and  camera  respectively  is 
further  accentuated  by  the  presence  of  physiological 
and  psychological  phenomena  in  the  human  visual 
process. 

The  analysis  of  human  consciousness  reveals  two 
kinds  of  visual  sensations,  namely,  colored  and  color- 
less, or  chromatic  and  achromatic  sensations.  No 
masterpiece  of  painted  or  sculptured  art  or  no  beautiful 
natural  landscape,  as  far  as  the  visual  sense  is  con- 
cerned, consists  of  more  than  an  arrangement  of  varied 
colors  and  brightnesses.  In  general,  color  plays  a  sub- 
ordinate part  in  vision  relative  to  light  and  shade. 
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The  magical  drapery  of  color,  which  is  omnipresent 
although  usually  unnoticed,  would  disappear  in  the 
absence  of  the  gift  of  color  vision.  Indeed,  color  vision 
appears  to  be  a  gift  —  the  Creator's  full  measure  - 
because  color-blind  persons  progress  almost  unham- 
pered excepting  in  certain  fields  where  man  has  called 
upon  color  to  serve  him.  These  persons  appear  to 
derive  much  pleasure  from  their  surroundings  and, 
doubtless,  never  fully  realize  their  deficiency.  Few 
persons  observe  the  exact  hue  of  an  object  unless  the 
patch  of  color  is  large.  In  fact  Nature's  many  greens 
are  simply  green  to  most  persons.  However,  the  forms 
of  objects,  which  are  almost  always  molded  by  light 
and  shade,  are  usually  quite  apparent  to  them.  That 
is,  differences  in  hue  are  less  conspicuous  than  differ- 
ences in  light  and  shade;  in  other  words,  light  and 
shade  provide  the  skeleton  and  body  of  a  scene,  and 
the  colors  supply  the  drapery. 

It  is  not  the  intention  to  depreciate  the  importance 
of  color  in  vision,  because  it  is  recognized  that  the  pres- 
ence of  colors  and  the  physiology  and  psychology  of 
color  vision  are  of  extreme  importance  hi  our  daily 
life.  It  is  merely  unfortunate  that  the  lack  of  develop- 
ment of  observation  and  appreciation  of  color  by  the 
human  race  as  a  whole  has  forced  color  to  play  a 
minor  role  in  ordinary  vision,  notwithstanding  it  is 
ever  ready  to  furnish  pleasure  and  interest  by  its  con- 
tinual variation  in  Nature. 

This  book  is  largely  a  result  of  a  study  of  the  fun- 
damentals of  lighting  and  vision.  Inasmuch  as  the 
subject  of  color  has  been  treated  in  a  previous  vol- 
ume l  it  will  not  be  treated  extensively  here.  How- 
ever, it  is  difficult  to  exclude  the  consideration  of 
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color  in  a  discussion  of  the  subject  of  light  and  shade, 
so  that  the  more  important  factors  have  been  consid- 
ered briefly  in  a  single  chapter. 

The  treatises  on  light  and  shade  that  have  come 
under  the  author's  observation  are  quite  incomplete 
and  inadequate,  owing  to  the  scarcity  of  analytical 
data  and  discussions.  An  attempt  has  been  made  in 
this  book  to  record  many  facts  and  to  apply  the  data 
to  some  extent  to  various  fields  in  which  they  are 
highly  important  Strictly  this  is  a  treatment  of  the 
science  of  light  and  shade,  although  the  art  is  discussed 
occasionally.  The  object  has  been  to  record  the  obser- 
vations on  light  and  shade  gleaned  from  a  study  of 
the  fundamental  principles  of  lighting  and  vision.  That 
such  a  work  will  find  a  field  of  usefulness  has  often 
been  indicated  by  many  persons  interested  in  various 
fields  in  which  light  and  shade  are  very  important. 

A  large  part  of  this  book  and  a  portion  of  its  com- 
panion on  Color  are  devoted  to  the  presentation  of 
those  principles  which  underlie  the  influences  affecting 
the  appearances  of  objects.  Insofar  as  the  application 
of  these  data  are  concerned  the  author's  viewpoint  is 
expressed  in  the  following:  'He  who  has  learned  the 
science  of  light,  shade,  and  color,  who  has  learned  how 
to  observe  and  to  record  them,  and  who  has  learned 
to  manipulate  them  to  produce  various  effects,  has 
learned  the  means  by  which  achievements  may  be 
attained.  He  has  grasped  the  science  and  is  prepared 
to  master  the  art.' 

In  a  study  of  light  and  shade  certain  characteristics 
of  objects,  namely  the  optical  laws  of  reflection  and 
transmission,  are  of  prime  importance.  The  reasons 
why  and  how  objects  are  seen  must  be  learned.  The 
effects  of  distribution  of  light,  the  relation  of  the  posi- 
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tion  of,  and  the  solid  angle  subtended  by,  the  light 
source,  and  the  influence  of  surroundings  upon  the 
distribution  of  light  are  fundamental  studies.  Here  a 
distinction  is  made  between  the  portion  of  an  object 
receiving  little  or  no  light  and  the  shadow  cast  by  the 
object  upon  another  object.  The  first  has  been  named 
the  shadow  and  the  latter  the  cast  shadow,  but  the 
two  are  often  combined  in  the  simple  term  '  shadows,' 
where  the  meaning  will  be  readily  understood. 

As  already  stated,  it  is  quite  impossible  in  the  pres- 
ence of  the  gift  of  color  vision  to  dissociate  color  com- 
pletely from  light  and  shade  and,  although  this  subject 
has  been  treated  elsewhere  in  detail,  its  most  important 
relations  to  light  and  shade  have  been  briefly  de- 
scribed again.  The  spectral  character  of  the  illuminant 
not  only  alters  the  hues  of  colored  objects  but  has  a 
large  effect  upon  the  relative  brightnesses  or  values  of 
different  colors.  The  gradations  of  color  upon  a  given 
object  are  also  related  to  the  surface  character  of  the 
object,  to  the  distribution  of  light,  to  the  position  of 
the  light  source,  and  to  the  solid  angle  subtended  by 
it  at  the  object. 

We  often  go  to  Nature  to  study,  and  find  it  neces- 
sary and  profitable  to  do  so  in  the  consideration  of 
light  and  shade.  Natural  lighting  conditions  are  of 
extreme  importance,  because  much  architecture  and 
sculptured  art  are  subjected  to  its  continually  varying 
light.  A  study  of  Nature's  light  supports  the  conclu- 
sion that  nothing  in  Nature  is  constant  excepting  change. 
Nature  has  posed  for  most  of  the  world's  masterpieces 
in  painting,  and  a  study  of  its  light  and  shade  furnishes 
useful  data  for  many  arts.  The  eye,  having  evolved 
under  daylight  conditions,  requires  that  natural  condi- 
tions be  analyzed  and  considered  in  artificial  lighting, 
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which  is  rapidly  growing  in  importance  in  human 
activities. 

Just  as  light  is  the  master  painter,  so  is  light  the 
master  sculptor.  Lighting  will  be  shown  to  be  of  ex- 
treme importance  in  these  respective  two-  and  three- 
dimensional  fine  arts.  Lighting  is  vastly  influential 
both  while  the  sculptor  is  chiseling  his  work  and 
after  it  is  completed.  The  sculptor  sinks  a  hollow 
here  and  raises  a  ridge  there,  not  to  attain  these  two 
simple  objects  but  to  lead  lines  of  light  and  shade  at 
will  in  an  attempt  to  fixate  an  expression  of  light.  In 
reality,  lighting,  through  the  effects  of  lights  and 
shadows,  does  the  modeling.  Architecture  is  like- 
wise molded  by  lines  and  masses  of  light  and  shade 
—  the  results  of  lighting.  The  architect  and  sculptor 
are  at  the  mercy  of  the  lighting,  for  their  lights  and 
shades  are  not  fixed  but  depend  very  much  upon  the 
distribution  of  light.  Their  lights  and  shades  are  ever 
shifting  and  ever  changing  in  character,  with  the  posi- 
tion and  the  solid  angle  subtended  by  the  light  source. 
The  ratios  of  the  brightnesses  of  the  high-lights  to 
those  of  the  shadows  are  dependent  upon  the  amounts 
of  light  reaching  the  object  directly  and  indirectly. 
Often  the  surface  characters  of  the  objects  are  such 
that  the  intrinsic  brightness  of  the  light  source  greatly 
affects  the  brilliancy  of  the  high-lights.  The  painter, 
however,  fixes  his  values,  but  even  these  are  not  im- 
mune from  alteration  by  the  distribution  of  the  light 
which  illuminates  the  work. 

Photography  is  largely  an  art  of  light  and  shade, 
and  real  art  of  this  character  is  perhaps  more  depen- 
dent upon  a  proper  treatment  of  these  than  upon  the 
selection  and  position  of  the  subject.  The  photographic 
process  is  quite  limited  in  its  ability  to  record  the  ex- 
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tremes  of  contrast  encountered,  although  photographic 
plates  differ  considerably  in  their  abilities  to  record 
ranges  of  contrast.  This  deficiency  is  especially  de- 
plored in  attempting  to  record  many  of  the  effects  of 
light  and  shade  presented  in  this  book. 

As  already  stated,  vision  largely  involves  the  per- 
ception of  differences  in  brightness,  and  it  must  be 
treated  because  it  is  concerned  with  every  fact  of  light 
and  shade  from  the  present  viewpoint.  Likewise,  light- 
ing goes  hand  in  hand  with  light  and  shade.  In  fact 
lighting  and  vision  are  so  ultimately  related  to  the  sub- 
ject of  this  book  that  they  would  not  be  treated  in  sepa- 
rate chapters  were  it  not  considered  necessary  to  bring 
certain  phenomena  and  fundamental  principles  together. 

In  stage-craft  the  possibilities  in  light  and  shade 
are  unlimited,  yet  they  have  been  scarcely  drawn  upon. 
There  are  many  incongruities  existing  between  the 
real  and  painted  light  and  shade  in  stage  settings. 
The  foot-lights  produce  such  grotesque  results  that  it  is 
remarkable  that  they  have  not  been  condemned  long  ago. 
In  fact  the  new  movement  in  the  theatre  is  partially  due 
to  a  revolt  against  such  conditions.  The  distribution  of 
light  and  shade  is  an  inexhaustible  source  of  moods 
and  expressions  which  can  be  made  to  blend  with  the 
play  and  action  in  a  helpful  yet  inconspicuous  manner. 

The  treatment  of  such  a  subject  as  light  and  shade 
is  difficult  owing  to  its  intangibility.  However,  many 
data  have  been  gathered  and  therefore  an  attempt  has 
been  made  to  record  these  facts  and  to  show  some  of 
their  applications.  Some  of  the  facts  herein  recorded 
will  appear  quite  obvious,  because  they  can  be  witnessed 
at  any  time,  but  it  has  been  the  author's  experience 
that  most  persons  look  without  observing  —  hence 
this  volume. 


CHAPTER  II 

THE   CHARACTERISTICS   OF  OBJECTS 

In  order  to  analyze  light  and  shade  effects,  and  to 
produce  them,  it  is  necessary  to  be  familiar  with  the 
elementary  optical  laws  and  the  optical  characteristics 
of  various  objects.  For  the  present  purpose  it  is  un- 
necessary to  delve  deeply  into  the  mysteries  of  light 
production  or  to  enter  into  a  discussion  of  modern 
theories  of  light.  However,  it  is  quite  essential  to  form 
definite  mental  pictures  of  the  optical  laws  governing 
the  travel  of  light.  When  a  body  is  heated  the  elec- 
tronic disturbances  taking  place  in  the  atoms  of  the 
substance  are  supposed  to  set  up  electromagnetic  dis- 
turbances which  travel  unhampered  through  free  space 
but  are  more  or  less  interrupted  in  their  travel  by  ma- 
terial objects.  This  electromagnetic  energy  which  is 
radiated  by  the  hot  body  is  similar  to  the  energy  which 
is  the  messenger  passing  from  one  station  to  another 
in  wireless  telegraphy.  It  is  found  that  a  hot  solid 
such  as  the  sun  radiates  energy  of  many  wave-lengths, 
all  of  which  do  not  excite  the  sensation  of  light.  In 
fact  the  visual  process  is  excited  only  by  energy  of  a 
narrow  range  of  wave-lengths.  These  will  be  called 
light-waves  or  light-rays. 

The  foregoing  brief  discussion  accounts  for  the 
colorless  or  achromatic  sensations  of  light,  but  not  for 
the  colored  or  chromatic  sensations.  The  latter  sen- 
sations are  found  to  be  associated  intimately  with 
the  wave-length,  or  frequency,  of  the  visible  radiation; 
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that  is,  light-waves  when  impinging  upon  the  retina 
of  the  eye  produce  sensations  of  different  colors,  de- 
pending upon  the  wave-length  or  frequency.  In  other 
words,  light-waves  of  a  certain  wave-length  generally 
arouse  a  sensation  of  a  certain  color.  When  viewing  a 
white  diffusely  reflecting  surface  illuminated  by  noon 
sunlight,  light-rays  of  all  wave-lengths  are  stimulating 
a  given  portion  of  the  retina,  with  a  result  that  a  sen- 
sation of  white  is  produced.  If  the  sunlight  is  decom- 
posed into  its  various  components  the  visible  spectrum 
is  seen.  Such  a  condition  produces  the  rainbow;  that 
is,  in  the  rainbow  the  effect  of  each  wave-length  is 
seen  alone.  If  the  eye  were  sensitive  to  all  the  rays 
emitted  by  the  sun,  the  rainbow  would  be  more  exten- 
sive in  width,  but  inasmuch  as  only  visual  effects  are 
of  interest  here,  the  invisible  rays  —  the  ultra-violet 
and  the  infra-red  —  will  not  be  discussed.  There  are 
many  optical  phenomena  of  interest,  such  as  reflection, 
transmission,  refraction,  interference,  and  diffraction, 
but  in  the  study  of  light  and  shade  only  the  reflecting 
and  transmitting  characteristics  of  media  are  of  great 
importance. 

A  white  surface  is  one  that  reflects  rays  of  light  of 
all  wave-lengths  with  equal  facility.  A  gray  object  is 
one  that  reflects  all  the  light-waves  with  equal  facility 
but  to  a  lesser  degree  than  a  white  object.  A  per- 
fectly black  object  does  not  reflect  light-waves  at  all, 
but  absorbs  the  incident  radiant  energy,  transforming 
it  into  heat.  There  are  no  perfectly  white  or  black 
objects  to  be  found,  but  under  certain  conditions  these 
are  closely  approximated;  for  example,  pure  zinc  white 
and  magnesium  carbonate  approach  closely  to  the  ideal 
white,  while  a  hole  in  the  end  of  a  long  velvet-lined 
box  is  nearly  perfectly  black.  (See  Fig.  106.) 
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The  reflecting  power  or  reflection  coefficient  of  a 
surface  is  the  ratio  of  the  light  reflected  by  the  surface 
to  that  incident  upon  the  surface.  Obviously  the  re- 
flection coefficient  of  a  perfectly  white  surface  is  unity 
and  that  of  a  perfectly  black  surface  is  zero.  The 
various  shades  of  gray  have  reflection  coefficients  vary- 
ing between  zero  and  unity.  The  actual  brightnesses 
of  objects  not  only  depends  upon  their  reflection  coeffi- 
cients but  also  upon  the  amounts  of  light  falling  upon 
them.  For  instance,  a  gray  diffusing  surface  whose 
reflection  coefficient  is  0.4  appears  of  the  same  bright- 
ness as,  and  in  fact  identical  with,  a  'white '  diffusing  sur- 
face whose  reflection  coefficient  is  0.8,  but  is  illuminated 
to  only  one-half  the  intensity.  A  gradated  shadow  is 
more  often  produced  by  varying  amounts  of  incident 
light  than  by  a  gradated  reflection  coefficient.  For 
example,  the  brightness  of  a  shadow  on  a  sphere  of 
uniform  reflection  coefficient  varies  because  of  the  dif- 
ferent amounts  of  light  received  by  the  different  parts 
of  the  surface.  This  is  due  to  the  fact  that  various 
portions  of  the  surface  are  oriented  differently  with 
respect  to  the  light  source.  If  a  white  surface  be 
placed  perpendicular  to  a  line  joining  it  and  the  light 
source,  the  surface  will  be  brighter  than  if  turned  at 
any  other  angle  with  this  line  (Fig.  117).  Its  bright- 
ness will  vary  directly  with  the  sine  of  this  angle  or 
with  the  cosine  of  the  angle  of  incidence,  the  latter 
being  the  angle  between  the  direction  of  the  light  and 
a  perpendicular  to  the  surface. 

The  reflection  coefficients  of  white,  black,  and  gray 
surfaces  are  constant  for  light-waves  of  all  wave- 
lengths, which  distinguishes  neutral  objects  from  those 
which  appear  colored.  Colored  pigments  appear  col- 
ored owing  to  their  selective  absorption  and  reflection. 
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For  instance,  a  green  pigment  is  one  whose  reflection 
coefficient  differs  for  rays  of  various  wave-lengths,  it 
being  high  for  green  rays,  lower  for  the  other  rays, 
and  practically  zero  for  red  and  violet  rays.  This  is 
treated  further  in  Chapter  VI.  It  is  well  to  note  that 
light  rays  themselves  are  invisible,  but  they  have  the 
ability  to  illuminate  material  objects  and  to  make  the 
latter  visible.  For  instance,  the  visible  sky  consists 
of  innumerable  illuminated  minute  particles.  If  there 
were  no  particles  in  the  earth's  atmosphere  capable  of 
reflecting  light,  the  sky  would  appear  as  black  during 
the  day  as  at  night,  notwithstanding  the  light-rays 
passing  through  it. 

The  simplest  optical  law  of  importance  is  that  the 
angle  of  reflection  is  equal  to  the  angle  of  incidence 
for  surfaces  reflecting  light  regularly  or  specularly. 
This  law  is  represented  diagrammatically  in  a,  Fig.  1, 
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Fig.  1  —  Characteristics  of  reflecting  media. 

I,  the  angle  of  incidence  being  equal  to  R,  the  angle 
of  reflection.  Such  reflection  is  named  regular  or 
specular  and  is  often  associated  with  the  high-lights 
of  objects.  Mirrors,  plate  glass,  and  other  polished 
and  glazed  surfaces  reflect  light  in  this  manner.  In 
these  cases  the  surfaces  are  not  visible,  but  the  images 
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of  various  objects  are  seen  depending  upon  the  posi- 
tions of  the  eye,  mirror,  and  objects.  In  the  case  shown 
in  a,  Fig.  1,  the  eye  sees  the  image  of  the  lamp,  the 
latter  appearing  to  be  at  a  distance  to  the  right  of  the 
mirror  equal  to  its  actual  distance  above.  The  high- 
lights on  glazed  objects  are  at  those  surfaces  which 
are  properly  oriented  with  respect  to  the  eye  and  to 
the  light  source,  so  as  to  reflect  an  image  of  the  latter 
directly  into  the  eye;  that  is,  the  positions  of  the  high- 
lights shift  with  the  point  of  view.  The  brightness 
of  the  reflected  image  is  equal  to  the  brightness  of 
the  object  multiplied  by  the  reflection  coefficient  of  the 
polished  or  glazed  surface.  For  silvered  mirrors  the 
latter  ranges  from  0.7  upward  and  for  a  surface  of 
polished  glass  or  still  water  it  is  about  0.04. 

The  next  type  of  reflection  of  interest  is  that  from 
a  perfectly  diffusing  surface.  Such  surfaces  are  closely 
represented  by  white  blotting  paper,  ground  porcelain, 
and  unglazed  plaster.  Diffuse  reflection  from  a  per- 
fectly diffusing  surface  is  represented  in  b,  Fig.  1,  the 
brightness  being  constant  for  all  viewing  angles  and 
therefore  represented  by  the  dashed  semicircle.  The 
brightness,  however,  varies  as  the  angular  position  of 
the  surface  is  altered  with  respect  to  the  line  joining 
the  element  of  surface  and  the  light  source.  The  dis- 
tribution of  the  light  reflected  from  any  small  area  of 
a  perfectly  diffusing  surface  is  represented  by  a  sphere 
tangent  at  the  small  area.  In  a  plane  diagram  the 
light  flux  emitted  by  the  small  area  is  found  to  vary 
directly  with  the  cosine  of  the  angle  of  incidence,  and 
the  distribution  of  light  is  therefore  represented  by  a 
tangent  circle.  This  is  sometimes  known  as  the  'co- 
sine law'  but  owing  to  the  fact  that  Lambert  discovered 
these  relations  his  name  is  usually  applied  to  the  law. 
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Diffusing  surfaces  that  are  glazed  with  a  super- 
ficial coat  exhibit  both  types  of  reflection  as  shown  in 
c,  Fig.  1.  Examples  of  surfaces  having  such  reflecting 
characteristics  are  painted  walls  and  enameled  porce- 
lain. An  excellent  model  can  be  constructed  readily 
by  placing  a  sheet  of  glass  over  a  white  blotting  paper. 
A  series  of  models  exhibiting  different  proportions  of 
specular  and  diffuse  reflection  can  be  made  by  placing 
blotting  papers  of  various  shades  of  gray  beneath  a 
thin  pane  of  clear  glass. 

It  is  not  surprising  to  find  a  great  number  of  types 
of  reflection  that  are  intermediate  between  the  types 
already  described.  The  type  of  '  spread '  reflection 
shown  in  d,  Fig.  1,  is  common.  An  aluminized  surface 
is  an  excellent  example  of  this  type.  If  such  a  surface 
be  turned  gradually  while  the  eye  and  light  source 
remain  stationary,  it  will  be  found  that  its  brightness 
diminishes  rapidly  on  both  sides  of  the  'critical  angle 
of  specular  reflection,  although  at  no  angle  will  the 
surface  reflect  a  defined  image  of  the  light  source. 
When  examined  by  means  of  a  microscope,  surfaces 
of  this  character  are  found  to  consist  of  minute  mirrors 
oriented  at  random. 

Many  white  surfaces,  such  as  semiglossy  white 
papers,  reflect  light  as  indicated  in  e,  Fig.  1. 

Inasmuch  as  the  relative  brightnesses  of  objects 
are  of  importance  in  all  studies  and  applications  of  the 
science  and  art  of  light  and  shade,  the  reflection  coef- 
ficients of  a  large  number  of  ordinary  objects  are  given 
in  Table  I.  The  surfaces  cannot  be  accurately  de- 
scribed, so  that  average  values  are  given  from  data 
obtained  by  Sumpner,  Nutting,  the  author,  and  others. 
Reflection  coefficients  are  also  presented  in  Tables 
III,  IV,  and  VI.  The  reflection  coefficient  of  a  colored 
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surface  varies  with  different  illuminants,  as  shown  in 
Chapter  VI.  The  values  given  here  are  for  ordinary 
daylight  entering  a  window. 


TABLE   I 
Reflection  Coefficients  of  Objects 


Object 

Reflection 
coefficient 

Object 

Reflection 
coefficient 

White  blotting  paper  

0.70-0.85 

Sulphur 

080 

Zinc  oxide  

.85-  .90 

Cork  

.25 

Tracing  cloth 

.30-  .40 

Chocolate 

05 

Tracing  paper  
Newspaper  
White  writing  paper 

.20-  .30 
.50-  .70 
.70-  .75 

Navy  blue  cloth  
Paris  green  
Manila  paper 

.02 
.40 
50 

Yellow  copy  paper  

.65-  .70 

White  plaster 

.70-0.90 

Yellow  wall  paper  
Green  wall  paper  
Blue  wall  paper  (light)  
Brown  wall  paper  (medium).   . 

.40 
.30 
.25 
.25 

Copper  (dull)  
Brass  (dull)  
Gold  (dull)  
Butter 

.25 
.25-  .35 
.20 
.65 

Dark  brown  wall  paper  
Chocolate  wall  paper  

.13 
.04 

Vermilion  
Emerald  green 

.15 
.20 

Parchment  

.22 

Ultramarine  blue 

.05 

Parchment  (two  thicknesses). 

.35 

Orange 

.60 

Tissue  paper 

.40 

Chrome  yellow 

.75 

Tissue  paper  (two  thicknesses) 
Black  cloth  .  . 

.55 
.02 

Cobalt  blue  
Silvered  mirror 

.15 
.70-  .90 

Black  velvet 

.004 

Polished  glass  surface. 

.04 

The  types  of  transmission1  of  light  by  various 
transparent  and  translucent  media  are  quite  similar  to 
the  types  of  reflection.  These  are  represented  dia- 
grammatically  in  Fig.  2.  The  phenomenon  of  refrac- 
tion enters  into  the  transmission  of  light  through 
material  media,  but  is  of  very  minor  importance  here. 
In  a'  is  represented  the  transmission  of  transparent 
media  such  as  clear  plate  glass.  In  br  is  represented 
the  type  of  transmission  exhibited  by  a  diffusing  me- 

1  M.  Luckiesh,  Electrical  World,  Nov.  16,  1912;  April  26,  1913. 
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dium  such  as  porcelain  or  dense  opal  glass.  In  the  case 
of  a  perfectly  diffusing  and  non-absorbing  medium  50 
per  cent  of  the  incident  light  is  diffused  through  the 
glass  and  the  remaining  50  per  cent  is  diffused  back- 


a'  b'  c'  d  e' 

Fig.  2  —  Characteristics  of  transmitting  media. 

ward.  This  assumes  no  loss  of  light  by  absorption, 
which  ideal  has  never  been  found.  A  perfectly  diffus- 
ing medium,  illuminated  as  shown  in  b',  appears  of  the 
same  brightness  at  all  viewing  angles.  A  flashed-opal 
glass  is  an  excellent  example  of  this  type  and  has  a 
comparatively  high  transmission  coefficient.  In  c'  is 
represented  a  common  type  of  transmission  which  is 
exhibited  by  some  light-density  opal  glasses  and  milky 
solutions.  A  light  source  can  be  seen  faintly  through 
such  media,  yet  a  large  percentage  of  the  light  is  dif- 
fusely scattered.  In  d'  is  found  a  very  common  type 
of  transmission  represented  by  ground  or  sand-blasted 
clear  glasses.  In  ef  is  represented  a  type  which  is  not 
uncommon.  A  slightly  sand-blasted  or  roughened 
light-density  opal  glass  exhibits  this  type  of  trans- 
mission. Many  actual  curves  showing  the  types  of 
transmission  of  various  commercial  glasses  could  be 
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presented,  but  these  could  only  serve  to  corroborate 
the  data  already  given. 

The  high-lights  on  objects  are  the  reflected  images 
of  the  brightest  objects  or  sources  of  light  illuminating 
them.  An  object  can  never  be  so  bright  as  the  light 
source  which  illuminates  it,  owing  to  absorption  of 
light  by  all  reflecting  surfaces.  If  the  high-lights  be 
examined  closely,  they  usually  will  be  found  to  be  the 
unages  of  bright  sources  of  light  reflected  from  smooth 
surfaces  of  the  object,  and  these  smooth  surfaces 
are  so  oriented  with  respect  to  the  light  source  and 
the  eye  that  the  angles  which  they  make  with  lines 
from  them  to  the  light  source  and  the  eye  are  equal 
in  each  case.  (See  illustrations  in  Chapter  III.)  Often 
it  is  possible  to  determine  the  character  of  the  light 
source  or  of  the  lighting  system  from  the  appearance 
of  objects,  but  this  is  not  always  true.  For  instance,  a 
cube  whose  surfaces  are  glazed  can  be  so  placed  that 
no  reflected  images  of  the  light  sources  are  visible 
from  a  certain  position.  In  this  instance  another  cube 
whose  surfaces  are  diffusely  reflecting  and  of  the  same 
color  would  appear  quite  the  same  as  the  first  cube. 
However,  in  some  positions  the  appearances  of  these 
two  objects  are  quite  different,  owing  to  the  character- 
istics of  their  surfaces. 

A  plane  surface  does  not  magnify  or  diminish  the 
size  of  the  image.  However,  convex  surfaces  diminish 
the  size  of  the  image,  depending  upon  the  radius  of 
curvature.  The  image  is  small  when  reflected  from 
surfaces  of  small  radius  of  curvature,  and  in  the  case 
of  small  polished  spheres  the  image  of  a  window  is 
almost  a  point.  Cylindrical  polished  surfaces  reflect 
the  images  of  bright  objects  in  the  form  of  a  line  parallel 
to  the  axis;  that  is,  the  high-lights  on  such  surfaces 
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are  linear.  Concave  surfaces  are  capable  of  magnifying 
and  of  diminishing  the  size  of  the  image,  but  usually 
the  high-lights  are  seen  as  images  smaller  than  the 
objects  themselves. 

High-lights  are  not  always  visible  on  polished 
objects  having  plane  surfaces,  but  they  are  nearly 
always  visible  on  glazed  or  polished  curved  surfaces, 
because  in  the  latter  case  nearly  always  there  is  an 
element  of  the  surface  properly  oriented  to  reflect  a 
bright  image  into  the  eye.  That  high-lights  are  de- 
pendent upon  the  law  of  equal  angles  of  reflection  and 
incidence  can  be  readily  investigated  by  means  of  a 
polished  sphere.  As  the  eye  is  moved  with  respect  to 
the  object  and  light  source,  the  high-light  is  seen  to 
move  hi  such  a  manner  that  the  law  is  fulfilled.  If 
the  brightest  objects  in  the  room  are  two  light  sources, 
two  high-lights  will  be  seen,  their  proximity  to  each 
other  depending  upon  the  distance  the  two  light  sources 
are  apart  and  their  relative  positions.  A  four-light 
fixture  will  produce  a  group  of  four  high-lights.  A 
large  bright  area,  such  as  a  window  backed  by  a  bright 
sky,  will  produce  relatively  large  high-lights,  and  if  the 
curved  surface  is  well  polished  a  distinct  miniature 
image  of  the  window  will  be  seen.  It  is  noteworthy 
that  the  brightest  areas  on  smooth  objects  are  not 
nearest  the  light  source,  as  is  sometimes  assumed. 
This  is  only  true  when  the  observer's  eye  is  in  line 
with  the  object  and  light  source.  In  Figs.  3  and  4  a 
group  of  electric  incandescent  lamps  have  been  photo- 
graphed when  illuminated  by  means  of  a  large  window 
and  a  point  source  respectively.  The  point  source  was 
placed  in  the  center  of  the  large  window  after  drawing 
an  opaque  curtain  so  that  the  mean  positions  of  the 
two  light  sources  were  respectively  the  same  in  the 
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two  cases.  This  group  of  lamps  supplies  a  variety  of 
surfaces  which  serve  well  in  illustrating  high-lights. 
One  of  the  high-lights  hi  Fig.  3  is  seen  to  be  an  image 


Fig.  3  —  High-lights  due  to  a  large  light  source  —  a  window. 

of  the  window,  while  the  corresponding  one  in  Fig.  4 
is  a  point.     The  lamp  on  the  left  is  bowl-frosted  and 


Fig.  4  —  High-lights  due  to  a  small  light  source  —  a  bare 
incandescent  lamp. 

it  is  seen  that  this  roughened  surface  effectively  de- 
stroys the  high-light  in  Fig.  3.  It  will  be  noted  that  the 
cylindrical  surfaces  produce  linear  high-lights  which  are 
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wider  in  the  case  of  the  light  source  subtending  a  large 
solid  angle.  The  middle  lamp  has  a  white  opal  bulb 
and  the  lamp  on  the  left  a  dense  ruby  bulb  (black  for 
the  photographic  plate  used).  The  high-lights  on  these 
two  objects  are  nearly  of  equal  brightness,  although  that 
on  the  dark  bulb  appears  brighter,  due  to  contrast.  In 
fact  the  brightness  of  the  high-light  on  the  opal  bulb  is 
greater  than  that  on  the  black  bulb,  because  the  bright- 
ness due  to  the  diffusion  of  light  in  the  opal  glass  is 
added  to  that  of  the  high-light.  The  brass  base  on 
the  middle  lamp  is  not  polished,  but  has  reflecting  char- 
acteristics similar  to  d,  Fig.  1;  therefore  the  high-light 
on  this  surface  is  spread  somewhat  and  is  not  a  dis- 
tinct image  of  the  light  source,  as  in  the  case  of  the 
glazed  surfaces.  Other  interesting  facts  are  to  be 
noted,  and  the  solid  angular  extent  of  the  light  source 
is  seen  by  the  cast  shadows.  Other  data  concerning 
high-lights  are  to  be  seen  in  various  illustrations 
throughout  the  text.  In  the  case  of  objects  having  a 
metallic  finish,  such  as  the  moldings  shown  in  Fig. 
94,  the  detail  is  almost  entirely  revealed  by  bright 
high-lights  and  shadows.  In  Figs.  9,  10,  12,  and  13, 
high-lights  are  visible  on  the  curved  surfaces,  with 
the  exception  of  the  hemisphere  on  the  left,  which  had 
an  unglazed  surface.  The  lighting  of  these  objects  is 
described  in  connection  with  other  data  for  which  these 
illustrations  are  chiefly  shown.  The  effects  of  the 
character  of  the  surface  of  objects  are  of  special  inter- 
est with  respect  to  some  of  the  sculptured  objects 
illustrated  in  Chapter  VIII. 

As  has  already  been  seen  many  surfaces  reflect 
light  both  specularly  and  diffusely  and  some  are  either 
purely  specularly  or  diffusely  reflecting.  A  simple 
diagram  is  presented  in  Table  II  to  assist  in  visualizing 
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TABLE  II 

A  general  diagrammatic  table  illustrating  the  reflection  coefficients,  both 
diffuse  and  specular,  of  all  possible  substances  exhibiting  these  distinct  types  of 
reflection  singly  or  combined.  The  approximate  positions  of  the  following  com- 
mon substances  are  shown  on  the  diagram  according  to  their  reflecting  char- 
acteristics. Ordinary  surfaces  lie  in  the  shaded  region. 

A.  Glossy  black  paper  or  varnished  black  pigment. 

B.  Matte  black  paper  or  powdered  lamp  black. 

C.  Glossy  gray  paper  or  varnished  gray  pigment. 

D.  White  blotting  paper. 

E.  Unglazed  white  paper,  porcelain,  or  plaster. 

F.     Glossy  white  paper  or  varnished  white  pigment. 
G.    Glazed  white  porcelain . 

H.    Powdered  zinc  oxide  or  magnesium  oxide. 
I.      One  surface  of  clear  glass  or    surface    of 

still  water. 

J.     Two  surfaces  of  thin  clear  glass. 
K.    Polished  bronze. 
L.     Polished  brass. 
M.   Polished  silver. 


0.4  0.5 

(GRAY) 
DIFFUSE   REFLECTION  COEFFICIENT 


(WHITE) 


the  appearances  of  all  surfaces  that  reflect  light  in  the 
foregoing  manner  according  to  their  reflecting  char- 
acteristics. There  is  no  simple  means  of  including 
objects  whose  reflecting  characteristics  are  similar  to 
d  and  e  in  Fig.  1,  but  the  diagram  in  Table  II  provides 
a  position  for  all  possible  surfaces  having  reflecting 
characteristics,  as  shown  in  a,  b,  and  c,  in  Fig.  1.  In 
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the  diagram  the  horizontal  scale  represents  all  pos- 
sible diffuse  reflection  coefficients  and  the  vertical 
scale  all  possible  specular  reflection  coefficients.  The 
position  of  a  perfectly  diffusely  reflecting  surface  is 
found  at  the  point  on  the  extreme  right;  that  is,  at  the 
point  where  the  diffuse  reflection  coefficient  is  unity 
and  the  specular  reflection  coefficient  is  zero.  Along 
the  base  line  perfectly  matte  surfaces  are  plotted,  vary- 
ing from  black  at  the  left  through  the  various  grays 
and  to  white  at  the  right.  Along  the  vertical  axis  on 
the  left  polished  surfaces  are  plotted  representing  such 
surfaces  as  a  polished  glass  near  the  bottom,  a  silver 
mirror  near  the  top,  and  a  perfectly  reflecting  mirror 
at  the  top  point.  Such  polished  metallic  surfaces  as 
gold,  copper,  bronze,  and  brass  would  be  represented 
in  the  intermediate  positions  near  the  vertical  axis. 
Those  surfaces  that  are  so  highly  polished  as  to  reflect 
little  or  no  light  diffusely  are  found  respectively  near 
or  upon  the  vertical  axis.  Perfect  reflectors,  whether 
they  reflect  all  the  incident  light  specularly  or  dif- 
fusely or  by  a  combination  of  the  two  manners,  would 
be  plotted  at  a  proper  place  along  the  hypothenuse  of 
the  triangle  as  indicated.  Obviously  there  are  no  sur- 
faces having  reflection  coefficients  as  high  as  unity  or 
100  per  cent.  Any  point  within  the  triangle  represents 
a  surface  that  reflects  light  both  specularly  and  dif- 
fusely; however,  most  of  the  ordinary  surfaces  will  lie 
in  the  shaded  area.  It  is  well  to  note  that  the  reflec- 
tion coefficient  of  a  matte  surface  is  constant  regard- 
less of  the  angular  position  of  the  surface  with  respect 
to  the  light  source.  This  is  not  true  of  the  specular 
reflection  coefficient,  for  it  increases  with  the  angle  of 
incidence  of  the  light  reaching  it.  Obviously,  for  the 
purpose  of  comparison,  the  specular  reflection  coeffi- 
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cient  must  be  obtained  at  the  same  angle  of  incidence 
of  the  light  for  all  surfaces.  This  angle  can  be  any 
desired,  although  an  angle  of  incidence  between  45 
degrees  and  zero,  and  preferably  near  the  latter, 
should  be  chosen.  The  center  of  the  circles  desig- 
nated by  letters  on  the  diagram  represents  in  each 
case  the  approximate  position  of  various  ordinary  sur- 
faces as  determined  by  their  two  distinct  reflection 
coefficients.  Perfectly  matte  or  perfectly  polished  sur- 
faces do  not  exist,  but  in  some  cases  these  are  closely 
approached.  In  Table  II  the  various  ordinary  surfaces 
corresponding  to  the  designating  letters  in  the  circles 
are  given.  A  study  of  this  diagram  will  be  helpful  in 
becoming  acquainted  with  the  appearances  of  objects 
as  determined  by  their  specular  and  diffuse  reflecting 
characteristics. 


CHAPTER   III 
THE   SHADOW 

It  has  been  found  necessary  for  the  purpose  of 
analysis  to  differentiate  between  the  shadow  and  the 
cast  shadow.  The  shadow  is  assumed  to  be  that  por- 
tion of  the  surface  of  an  object  which  receives  dis- 
tinctly less  light  than  the  other  portions.  The  cast 
shadow  is  assumed  to  be  the  shadow  cast  by  one 
object  upon  another  by  intercepting  the  direct  light 
which  would  otherwise  reach  the  latter  object.  The 
forms  of  objects  are  usually  determined  by  the  distri- 
bution of  light  and  shade  upon  them,  although  this  is 
not  always  true,  as  will  be  shown  later.  Often  the  cast 
shadow  and  the  known  position  of  the  light  source 
assist  the  observer  in  determining  the  form  of  an  object. 
However,  the  exact  process  by  which  an  observer  ar- 
rives at  his  conclusion  is  seldom  analyzed  by  him. 
Although  light  and  shade  cannot  always  definitely 
reveal  the  form  of  an  object,  it  is  of  very  great  impor- 
tance in  vision,  playing  a  leading  role  in  nearly  every 
visual  impression.  It  was  light  and  shade  that  first 
made  painting  more  than  mere  drawing,  and  all  the 
early  art  shows  by  the  absence  of  light  and  shade  that 
the  eye  without  knowledge  cannot  discover  truth.  It 
is  the  object  of  this  chapter  to  bring  forward  the  im- 
portant facts  concerning  the  shadows  on  objects  as 
affected  by  the  character  of  the  objects  and  of  the 
distribution  of  the  light  illuminating  them. 

That  light  and  shade  play  an  important  part  in  model- 
ing an  object  or  in  revealing  its  form  is  shown  in  Fig.  5. 
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A  white  diffusely  reflecting  disk  was  placed  on  a  rod 
on  which  also  was  placed  a  white  diffusely  reflecting 
sphere.  These  were  suspended  vertically  and  pho- 
tographed under  various  lightings.  In  a  are  shown 
the  effects  of  a  point  source  of  light  placed  nearly 
vertically  above.  It  is  seen  from  the  dense  shadow  on 
the  lower  side  of  the  sphere  that  relatively  little  dif- 
fused light  reaches  the  objects.  It  will  be  noted  that 
in  all  cases  the  disk  appears  flat  and  would  be  readily 
distinguished  as  a  flat  surface.  However,  as  will  be 
seen,  the  observer  must  consider  other  factors  (per- 
haps unconsciously)  before  he  can  be  absolutely  certain 
that  the  disk  is  a  flat  surface.  As  will  be  brought  out 
later,  judgments  are  perhaps  always  influenced  by 
past  experiences,  and  in  this  case  the  disk  would  be 
pronounced  a  disk  because  the  observer  seldom  or 
perhaps  never  has  seen  a  special  case  where  another 
object  was  so  lighted  as  to  appear  like  a  disk.  Such 
a  lighting,  however,  can  be  easily  performed  with  a 
sphere  or  hemisphere.  Of  course  even  in  this  case 
the  disk  might  very  well  be  the  flat  surface  of  a  hemi- 
sphere, but  what  lies  behind  and  invisible  does  not 
concern  us  here.  It  should  be  noted,  however,  that  the 
eye  is  usually  more  sensitive  to  variations  of  bright- 
ness than  the  photographic  plate,  so  that  it  is  capable 
of  distinguishing  differences  in  brightness  that  are  not 
revealed  by  the  combined  photographic  processes  neces- 
sary to  produce  the  illustrations  in  this  book. 

The  appearance  of  the  disk  and  sphere  when  placed 
a  few  feet  directly  beneath  an  ordinary  indirect  light- 
unit  is  shown  in  b,  Fig.  5.  In  this  case  the  ceiling  of 
the  room  is  the  chief  source  of  light  and  the  effect  of 
this  large  source  is  shown  by  a  less  abrupt  modulation 
on  the  sphere  from  light  to  shadow  than  in  the  case 


THE   SHADOW  25 


of  the  small  source,  the  effects  of  which  are  shown  in 
a.  Further,  the  illuminated  shadow  on  the  sphere  in 
b  shows  the  effect  of  scattered  or  diffused  light  result- 
ing from  this  kind  of  lighting.  Although  the  amount  of 
light  finding  its  way  into  the  shadows  is  usually  less  for 
such  a  case  as  a,  in  either  case  the  amount  of  light  re- 
ceived by  the  shadows  in  ordinary  ulterior  lighting  condi- 
tions is  usually  as  low  as  five  to  fifteen  per  cent.  Of 
course  this  depends  upon  many  factors,  the  chief  ones 
being  the  proximity  of  the  object  to  the  primary  light 
source  and  the  reflection  coefficients  of  surrounding  walls. 

Next  the  objects  were  lighted  by  an  ordinary  direct 
lighting  unit  and  the  direct  light  was  screened  from 
them.  They  now  receive  only  the  diffused  light  that 
ordinarily  illuminates  the  shadows,  which  is  usually, 
in  the  case  of  rooms  having  fairly  uniformly  bright 
surroundings,  about  of  equal  value  in  all  directions  in 
the  center  of  the  room.  The  result  is  shown  in  c,  and 
it  is  seen  that  the  disk  and  sphere  appear  alike.  In 
this  case  it  was  impossible  to  distinguish  between  the 
two  from  the  appearance  of  their  surfaces. 

Next  a  large  window  through  which  only  sky  was 
visible  was  used  as  the  light  source.  The  camera  was 
placed  between  the  objects  and  the  window  and,  as 
will  be  seen  in  cf,  the  two  objects  appeared  almost 
identical.  The  camera  was  not  quite  in  line  with  the 
objects  and  the  window,  as  will  be  seen  by  the  sugges- 
tion of  a  shadow  upon  the  left  side  of  the  sphere. 
Leaving  the  objects  in  the  foregoing  position  with  re- 
spect to  the  window,  the  camera  was  moved  to  a  posi- 
tion at  the  side  of  the  objects  with  the  result  as  shown 
in  e.  Here  it  is  seen  that  the  point  of  view  of  the 
observer  is  of  considerable  importance  in  facilitating 
the  recognition  of  objects. 
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Although  the  distribution  of  brightness  over  the 
surface  of  an  object  usually  reveals  the  identity  of  the 
object,  as  already  stated,  this  is  not  always  true.  This 
is  illustrated  in  Fig.  6.  The  two  objects  appear  to  be 


Fig.  6  —  A  hemispherical  recess  (left)  and  a  hemispherical 
solid  (right)  lighted  by  a  window  on  the  left. 

hemispheres  lighted  from  the  lower  right  and  upper 
left  sides  respectively.  However,  the  object  on  the  left 
was  a  plaster  mold  made  with  the  hemisphere  on  the 
right  as  a  pattern,  and  both  objects  were  photographed 
at  the  same  tune  while  lighted  from  a  window  on  the 
left  side.  Thus  it  is  seen  that  the  hollow  or  recessed 
hemisphere  on  the  left,  into  which  the  solid  hemisphere 
on  the  right  fits  perfectly,  appeared  -almost  like  a  solid 
hemisphere,  though  the  position  of  the  light  source 
appears  to  be  directly  opposite  to  the  real  position 
owing  to  the  reversal  of  the  light  and  shade.  On 
lighting  this  hemispherical  cup  from  concealed  light 
sources  in  a  booth  lined  with  black  velvet,  every  ob- 
server believed  it  to  be  a  solid  hemisphere  and  was 
quite  surprised  to  find  it  in  reality  a  recess.  On  ob- 
serving this  object  when  the  light  source  was  not  con- 
cealed, observers  usually  described  it  correctly,  but 
did  so  by  semiconsciously  taking  into  account  the  posi- 
tion of  the  light  source  in  connection  with  the  position 
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of  the  shadow.  This  is  one  of  the  many  examples 
which  illustrate  the  complexity  of  the  process  of  recog- 
nition of  objects.  Here  light  and  shade  alone  failed 
to  reveal  the  true  form  of  the  object,  because  solid  hem- 
ispheres are  more  common  than  reversed  hollow  ones, 
as  that  on  the  left;  however,  the  position  of  the  light 
source  aided  the  observer  in  forming  true  judgment. 
In  Fig.  7  are  shown  the  results  obtained  by  lighting 


Fig.  7  —  A  hemispherical  recess  (left)  and  a  hemispherical 
solid  (right)  lighted  by  a  point  source  on  the  left. 

those  two  objects  by  means  of  a  point  source.  When 
they  are  viewed  simultaneously  under  this  lighting 
quite  a  difference  is  noted  in  the  edge  of  the  shadow. 
That  on  the  object  at  the  left  is  cast  by  the  sharp 
edge  of  the  hemispherical  cup  and  therefore  is  sharp. 
The  shadow  on  the  right-hand  object  is  gradually 
formed  by  the  varied  positions  of  the  elements  of  the 
spherical  surface.  These  points  are  brought  out  in 
Figs.  70  to  73  inclusive  by  means  of  a  relief  and  the 
mold  in  which  it  was  cast. 

In  order  to  provide  illustrations  for  emphasizing 
various  points  throughout  the  following  chapters  and 
to  provide  further  data  on  the  influence  upon  the 
shadows  of  the  position  and  character  of  the  light 
sources,  a  group  of  geometrical  objects  was  studied 


28      LIGHT  AND   SHADE  AND  THEIR  APPLICATIONS 

and  photographed  under  various  conditions.  The  cast 
shadows  were  eliminated  from  consideration  by  using 
a  background  of  black  velvet  and  the  objects  were 
placed  in  two  rows  upon  a  rack,  which  was  also  cov- 
ered with  black  velvet.  All  the  objects  were  enameled 
white  with  the  exception  of  the  hemisphere  at  the  left, 
which  was  coated  with  an  unglazed  diffusing  material. 
The  enameled  objects  reflected  light  both  diffusely 
and  specularly,  as  shown  in  c,  Fig.  1.  In  Fig.  8  the 


Fig.  8  —  A  point  source  above. 

results  obtained  with  a  point  source  of  light  three  feet 
overhead  are  shown.  The  high-lights  on  the  glazed 
objects  having  curved  surfaces  were  visible  on  the 
negative,  but  were  sacrificed  in  the  printing  in  order  to 
preserve  some  light  in  the  shadows  of  the  perpendicu- 
lar surfaces.  The  high-lights  are  visible  in  several  of 
the  illustrations  that  follow.  It  is  seen  that  the  posi- 
tion of  the  light  source  could  not  be  determined  from 
the  appearances  of  the  cone  and  pyramid,  but  is  readily 
determined  from  the  appearance  of  the  other  objects. 
The  rather  abrupt  modulation  from  light  to  shadow  on 
the  objects  in  the  lower  row  reveals  the  fact  that  the 
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light  source  did  not  subtend  a  large  angle.  The  effect 
of  reflected  light  from  near-by  objects  is  seen  in  the 
case  of  the  hexagonal  and  cylindrical  objects  in  the 
upper  row. 

The  appearances  of  the  objects  due  to  lighting  from 
a  point  source  in  front  just  over  the  camera  is  shown 
in  Fig.  9.  The  high-lights  are  plainly  visible  here  and 
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Fig.  9  —  A  point  source  in  front. 

the  difference  in  the  appearance  of  the  two  hemispheres 
(one  glazed,  the  other  unglazed)  is  evident.  One  gains 
quite  a  different  impression  of  these  two  objects,  owing 
to  the  absence  of  a  high-light  in  the  one  case  and  its 
presence  in  the  other.  The  absence  of  high-lights 
from  the  objects  having  plane  sides  is  also  seen. 
Further,  it  will  be  noted  that  the  appearances  of  the 
pyramid  in  the  Figs.  8  and  9  are  identical.  The  cones 
differ  in  appearance  only  by  the  positions  of  the  high- 
light, which  unfortunately  are  difficult  to  reproduce 
here. 

In  Fig.  10  are  shown  the  results  of  lighting  by 
means  of  a  window  on  the  left  side.  Definite  model- 
ing is  obtained  by  such  lighting,  especially  when  the 
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shadows  are  illuminated   slightly  by  diffused  light,  as 
in  this  case.     It  will  be  noted  that  all  the  curved  sur- 
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Fig.  10  —  A  window  at  the  left  side.    Center  forty-five  degrees  above  the 
plane  upon  which  the  objects  rested. 


Fig.  11  —  A  point  source  in  the  center  of  the  window  and  forty-five 
degrees  above  the  plane. 

faces  show  a  more  gradual  modulation  from  light  to 
shadow  than  in  the  case  of  the  point  source  of  light. 

In  Fig.  11  are  shown  the  results  obtained  by  light- 
ing the  objects  by  means  of  a  point  source  placed  at 
an  altitude  of  45  degrees  in  the  center  of  the  window 
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after  drawing  an  opaque  shade.  The  light  and  shade 
effects  are  almost  the  same  as  in  Fig.  10,  with  the 
important  exception  of  the  abrupt  change  from  light  to 
shadow  on  the  curved  surfaces.  The  high-lights  are 
seen  to  be  in  the  same  positions  as  in  Fig.  10,  but  in 
order  to  preserve  these,  the  shadows  were  sacrificed 


Fig.  12  —  A  point  source  at  the  left  fifteen  degrees  above  the  plane  upon 
which  the  objects  rested. 

in  the  printing,  there  being  relatively  little  light  in  the 
shadows  hi  this  case.  Next  the  objects  were  illumi- 
nated by  means  of  a  point  source  at  an  altitude  of  15 
degrees  and  nearer  the  front,  with  the  results  shown 
in  Fig.  12.  In  the  printing,  the  high-lights  were  sacri- 
ficed in  order  to  retain  the  shadows.  The  same  gen- 
eral appearance  of  the  upper  rows  in  Fig.  11  and  12 
will  be  noted,  but  the  edges  of  the  shadows  on  the 
cone,  cylinder,  and  objects  in  the  lower  row  have 
shifted.  The  simultaneous  effects  of  the  last  two 
lightings  are  shown  in  Fig.  13,  where  two  high-lights 
are  seen  on  three  of  the  objects  in  the  lower  row.  It 
will  be  noted  that  the  appearance  of  the  objects  in 
the  upper  row  is  quite  the  same  as  in  Figs.  10  and  12 
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with  the  exception  of  the  two  shadow-edges  on  the 
curved  surfaces.  These  two  shadow-edges  are  also 
quite  marked  in  the  lower  row  of  Fig.  13.  It  is  thus 


Fig.  13  —  The  combined  results  of  the  lightings  in  Figs.  11  and  12. 

seen  among  other  things  that  the  appearances  of  the 
objects  having  curved  surfaces  are  more  susceptible 
to  the  influence  of  the  solid  angle  subtended  by  the 
light  source  and  to  the  number  and  position  of  the 
light  sources  illuminating  them.  It  is  also  evident  that 
the  shadow  plays  a  large  part  in  revealing  the  form  of 
objects,  but  that  this  alone  will  not  always  suffice.  In 
the  chapters  following  other  facts  concerning  shadows 
are  presented. 


CHAPTER  IV 
THE   CAST  SHADOW 

The  appearance  of  the  cast  shadow  is  susceptible 
to  the  same  influences  that  affect  the  appearance  of 
the  shadow.  The  edge  of  the  cast  shadow,  as  in  the 
case  of  the  shadow,  is  affected  by  the  solid  angular 
extent  of  the  light  source  and  by  the  shape  and  dis- 
tance of  the  shadow-producing  edge.  The  position  of 
the  cast  shadow  is  determined  by  the  position  of  the 
light  source.  The  brightness  of  the  cast  shadow  de- 
pends upon  the  amount  of  scattered  or  diffused  light 
reaching  it.  The  foregoing  are  practically  all  the  factors 
that  influence  the  appearance  of  objects  insofar  as  light 
and  shade  are  concerned.  In  the  control  of  these  fac- 
tors lies  the  means  for  success  and,  as  is  apparent,  these 
factors  can  be  controlled  if  sufficient  study  is  applied 
to  them. 

A  study  of  the  formation  of  shadows  is  of  interest 
and,  although  a  mathematical  discussion  supplies  much 
information  for  those  accustomed  to  thinking  in  terms 
of  mathematics,  it  appears  sufficient  for  the  present 
purpose  to  introduce  the  subject  of  the  cast  shadow 
with  a  few  elementary  diagrams.  For  this  purpose  it 
is  permissible  to  assume  that  light-waves  travel  in 
straight  lines  from  their  source.  In  Fig.  14  are  shown 
in  the  full  lines  the  shadows  cast  by  an  opaque  edge 
of  the  object,  O,  upon  the  plane,  P.  The  approxi- 
mate distribution  of  brightness  in  the  shadow  is 
plotted  directly  below  in  each  case  above  the  base 
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line,  B.  Any  light  which  indirectly  reaches  the  plane 
on  which  the  shadow  is  cast  is  said  to  be  diffused 
light  and  illuminates  all  portions  of  the  plane  including 
the  cast  shadows.  The  amount  of  this  diffused  light 
is  represented  by  the  vertical  distance  of  the  dashed 
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Fig.  14  —  Shadows  cast  by  a  sharp  edge. 

line,  D,  from  the  plane,  B,  and  is  shown  superposed 
on  the  shadows  and  plane  B  by  means  of  the  dotted 
lines.  In  a  is  shown  the  sharp  shadow  cast  by  a  point 
source  of  light.  In  b  is  shown  the  distribution  of 
brightness  of  a  shadow  produced  by  a  source  subtend- 
ing an  angle  of  about  30  degrees  at  the  shadow- 
producing  edge  and  in  d  that  due  to  a  light  source 
subtending  an  angle  about  twice  as  large  as  that  in  b. 
If  the  eye  were  placed  at  any  point  in  the  more  heavily 
shaded  region  it  would  not  see  the  light  source.  This 
region  is  called  the  umbra.  However,  if  the  eye  were 
placed  in  the  lightly  shaded  region  it  would  be  able 
to  see  more  or  less  of  the  light  source,  in  the  case  of 
an  extended  source,  depending  upon  its  position.  This 
region  of  partial  shadow  is  called  the  penumbra.  The 
distribution  of  brightness  in  the  shadow  is  affected  by 
another  factor,  namely  the  distance  of  the  shadow- 
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producing  edge  above  the  plane  upon  which  the  shadow 
is  cast.  In  c  the  opaque  edge  is  twice  the  distance 
above  the  plane  upon  which  the  shadow  is  cast,  as  in  b, 
though  the  solid  angle  subtended  by  the  light  sources 
are  equal  in  these  two  cases.  It  is  seen  in  c  that  the 
modulation  from  light  to  dark  is  more  gradual  than  in 
case  b  and  approaches  the  condition  in  d.  In  fact  the 
rate  of  change  of  brightness  in  the  edge  of  the  cast 
shadow  is  approximately  proportional  to  the  ratio  of 
the  height  of  the  light  source  above  the  shadow-pro- 
ducing object  to  the  height  of  the  latter  above  the 
plane  upon  which  the  shadow  is  cast.  This  can  be 
demonstrated  very  readily  by  holding  a  flat  opaque 
object  parallel  to  a  white  surface.  Under  a  direct 
light  the  edges  of  the  object  will  appear  quite  alike. 
However,  if  the  object  be  inclined  so  as  to  make  an 
angle  with  the  plane,  the  shadow  of  the  edge  nearest 
the  plane  will  appear  the  sharpest.  It  is  thus  seen  that 
the  character  of  the  edge  of  a  cast  shadow  is  similarly 
influenced  by  increasing  the  distance  of  the  shadow- 
producing  edge  and  by  increasing  the  solid  angular 
extent  of  the  light  source.  For  simplicity  it  has  been 
assumed  in  the  foregoing  that  all  points  of  the  light 
source  are  equally  distant  from  the  shadow-producing 
edge  of  the  object  and  that  the  light  source  appears  of 
uniform  brightness  when  viewed  from  this  edge. 

The  same  general  principles  hold  for  small  objects 
whose  edges  cast  shadows  that  overlap.  In  e,  Fig.  15, 
the  object,  O,  is  illuminated  by  a  point  source  of  light, 
with  the  result  that  a  sharp  shadow  is  cast  upon 
plane  P.  The  brightness  distributions  in  the  shadows 
are  plotted  above  plane  B  and  the  diffused  light  is 
represented  below  this  plane  by  the  dashed  line,  D, 
and  is  shown  superposed  on  the  shadows  by  the  dotted 
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lines  as  in  Fig.  14.  In  these  cases  two  lines  are  drawn 
from  the  extremities  of  the  light  source  because  two 
shadow-producing  edges  are  to  be  considered  for  each 
ray  of  light.  In  /  and  g,  Fig.  15,  the  results  obtained 
with  extended  sources  subtending  different  solid  angles 
at  the  shadow-producing  edge  are  shown.  In  the  first 
case  the  shadows  of  the  two  edges  just  touch  each 
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Fig.  15  —  Shadows  cast  by  a  small  object  with  two  sharp  edges. 

other,  so  that  the  gradation  of  brightness  in  the  shadow 
is  from  a  maximum  to  a  minimum  and  thence  to  a 
maximum.  In  case  g  the  shadows  overlap  with  the 
results  shown.  The  influence  of  the  relative  amount 
of  diffused  light  is  seen;  the  greater  this  is,  the  less 
conspicuous  is  the  shadow.  In  other  words  the  ten- 
dency of  diffused  light  is  to  obliterate  shadows. 

The  dependence  of  the  appearance  of  the  cast 
shadow  upon  the  distance  of  the  object  from  the 
surface  upon  which  the  shadow  is  cast  is  shown  in 
Fig.  16.  A  mercury  arc  tube  was  placed  100  cm.  from 
a  photographic  plate  upon  which  the  shadow  of  a  thin 
edge  of  an  opaque  object  was  cast.  The  distance  of 
this  opaque  object  from  the  plate  was  varied  from  0  to 
6  cm.  with  the  results  as  shown.  The  length  of  the 
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tube  of  light  was  75  cm.  The  conditions  of  these 
experiments  are  represented  diagrammatically  by  b  and 
c  in  Fig.  14.  It  is  seen  that  even  small  ratios  of  the 


Fig.  16  —  Showing  the  effect  on  the  edge  of  the  shadow  of 
varying  the  distance  of  the  shadow-producing  edge,  the 
other  conditions  remaining  constant. 

distance  of  the  object  from  the  plane  receiving  the 
cast  shadow  to  its  distance  from  the  light  source  pro- 
duce very  soft  shadows  in  the  case  of  light  sources 
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subtending  large  solid  angles.  Such  facts  as  these 
are  being  applied  constantly  in  the  arts,  such  as  sculp- 
ture, lighting,  and  portrait  photography,  although  usually 
unconsciously. 

The  brightness  of  shadows  can  be  controlled  by 
altering  the  reflection  coefficient  of  the  surroundings 
and  thus  altering  the  amount  of  light  received  by  them. 
The  position  of  the  shadows  or  their  general  direction  can 


Fig.  17  —  Shadows  reenforce  each  other. 

be  controlled  by  altering  the  position  of  the  light  source. 
Where  this  cannot  be  done,  as  in  the  case  of  natural 
light  out  of  doors,  the  procedure  must  be  governed  by 
the  requirements  in  each  particular  case,  with  the  object 
of  obtaining  satisfactory  results  in  some  other  manner. 
The  brightness  of  the  cast  shadow  under  ordinary 
conditions  is  never  zero;  that  is,  though  usually  much 
darker  than  its  surroundings,  it  is  far  from  being  abso- 
lutely black.  This  is  shown  by  crossing  two  shadows, 
which  at  the  same  time  illustrates  that  two  shadows 
when  crossed  reinforce  each  other.  In  Fig.  17  two 
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groups  of  shadows  produced  by  two  point  sources  of 
light  at  different  positions  are  seen  to  cross  each  other. 
It  is  seen  where  they  cross  that  the  shadow  is  darker 
than  either  shadow  alone.  The  actual  brightness  of 
the  crossings  depends  of  course  upon  the  original 
brightnesses  of  the  individual  shadows. 


Fig.  18  —  The  brightness  of  a  shadow  is  influenced  by  the  reflection 
coefficient  of  the  surface  upon  which  it  exists. 

Another  point  regarding  shadows  which  also  illus- 
trates that  cast  shadows  are  not  of  zero  brightness, 
excepting  in  the  special  case  of  no  scattered  or  diffused 
light  reaching  them  by  reflection  from  other  objects, 
is  illustrated  in  Fig.  18.  The  shadows  cast  by  two 
objects  are  made  to  fall  upon  a  black  velvet  covering 
and  strips  of  black,  dark  gray,  light  gray,  and  white 
papers.  It  is  seen  that  the  brightness  of  the  cast 
shadow  depends  upon  the  reflection  coefficient  of  the 
surface  upon  which  it  is  received.  The  nearer  end  of 
the  strip  of  black  paper  is  quite  bright,  due  to  the  specu- 
lar reflection  of  the  image  of  one  of  the  sides  of  the 
rectangular  solid  from  its  slightly  calendered  surface. 
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The  shape  of  the  cast  shadow  depends  upon  the 
shape  of  the  surface  upon  which  it  is  received.  A 
group  of  objects  was  placed  upon  a  black  velvet  back- 
ground and  illuminated  by  means  of  a  large  window. 
The  center  of  the  sky  area  visible  at  the  object  was 


Fig.  19  —  Illuminated  by  a  window  at  the  left  with  its  center  forty-five 
degrees  above  the  horizontal  plane  upon  which  the  objects  rested. 

at  an  angle  of  45  degrees  above  the  horizontal  plane 
on  which  the  group  of  objects  was  placed.  The  cast 
shadows  under  these  conditions  were  far  from  sharp 
and  were  not  sufficiently  definite  to  illustrate  the  point 
under  consideration,  as  seen  in  Fig.  19.  The  same 
group  was  illuminated  by  means  of  a  point  source 
placed  at  45  degrees  above  the  plane  on  which  the 
objects  were  located  (in  the  center  of  the  window 
after  the  opaque  shade  was  drawn)  and  the  shadows 
were  cast  by  the  objects  upon  the  various  surfaces 
adjacent  to  them.  It  is  seen  in  Fig.  20  that  the  shadow 
cast  by  straight  edges  upon  curved  surfaces  were 
curved  and  upon  plane  surfaces  were  straight.  The 
general  difference  in  the  results  obtained  by  the  light 
from  a  window  and  a  point  source  respectively  is  also 
worthy  of  attention. 
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Inasmuch  as  the  character  of  the  cast  shadows  pro- 
duced by  various  ordinary  light  sources  and  lighting 
systems  are  of  extreme  importance  in  the  science  and 


Fig.  20  —  Illuminated  by  a  point  source  at  the  left  forty-five  degrees  above 
the  plane.  Illustrates  the  influence  of  the  shape  of  the  receiving  surface 
on  the  appearance  of  the  shadow. 

art  of  light  and  shade,  considerable  study  was  given 
to  this  phase  of  the  subject.  Various  methods  of 
obtaining  such  data  were  tried,  but  the  one  which 
best  met  the  requirements  is  illustrated  diagrammati- 
cally  in  Fig.  21.  A 
wooden  box  was 
attached  to  a 
camera,  and  this 
combination  was 
placed  upon  a  tri- 
pod. The  objects 
selected  for  these 
experiments  were 
a  sphere,  a  thin 
cylindrical  rod,  a 


Fig.  21  —  Apparatus  for  studying  cast  shadows. 


miniature  table,  a  thick  cylinder,  and  a  rectangular  solid. 
These  were  made  of  metal  and  blackened.      The  ob- 
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jects  were  placed  upon  a  flashed-opal  glass,  O,  ground 
on  the  opal  surface.  By  means  of  a  mirror  placed  at  G, 
the  cast  shadows  of  these  objects  could  be  seen  on  the 
focusing  screen  of  the  camera  and  thus  photographed. 
An  ordinary  mirror  was  unsatisfactory,  because  of  the 
double  image  due  to  reflection  from  both  the  upper 
glass  surface  and  the  silvered  surface.  Inasmuch  as 
an  ordinary  photographic  plate  was  to  be  used,  a  plane 
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Fig.  22  —  The  objects  used  for  studying  the  influence  of  the  light 
source  on  their  cast  shadows. 

ruby  glass  was  employed  as  a  mirror,  because  the  re- 
flected light  from  the  second  surface,  which  was  red 
light,  did  not  affect  the  photographic  plate.  It  was 
found  expedient  to  use  two  identical  sets  of  objects 
arranged  in  parallel  rows  on  the  diffusing  glass,  O,  and 
by  means  of  a  slide,  such  as  S,  either  set  of  cast 
shadows  could  be  photographed.  The  group  of  objects 
used  is  shown  in  Fig.  22.  The  results  obtained  by 
this  means  are  shown  in  the  illustrations  following. 

Fig.  23.  —  The  objects  were  placed  near  the  sill  of 
a  window  3.5  feet  wide  and  6  feet  high,  and  received 
light  from  the  sun  and  a  portion  of  the  sky.  It  is  seen 
that  the  cast  shadows  are  sharply  outlined. 

Fig.  24.  —  The  objects  were  placed  three  feet  from 
the  foregoing  window  and  received  light  only  from  a 
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portion  of  the  sky.     The  effect  of  a  large  source  in 
producing  undefined  shadows  is  very  apparent. 


Fig.  23  —  Near  a  window  and  receiving  direct  sunlight  and  skylight. 


Fig.  24  —  Three  feet  from  a  window  and  receiving  only  skylight. 


Fig.  25  —  Eighteen  feet  from  a  window  and  receiving  only  skylight. 

Fig.  25.  —  The  objects  were  placed  eighteen  feet 
from  the  foregoing  window.  It  is  seen  that  the  window 
has  approached  a  point  source  considerably.  Only 
light  from  the  sky  illuminated  the  objects. 
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Fig.  26.  —  The  objects  were  left  in  the  same  posi- 
tion as  in  Fig.  25,  but  a  side  window  fourteen  feet  dis- 
tant was  uncovered.  The  objects  received  only  light 
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Fig.  26  —  Eighteen  feet  from  one  window,  fourteen  feet  from 
another  and  receiving  only  skylight. 

from  the  two  sky  areas.  The  double  shadows  are 
quite  apparent.  These  may  be  useful  at  times,  but  are 
often  annoying  and  in  artistic  effects  are  usually  quite 
unsatisfactory. 


Fig.  27  —  Tungsten  lamp  twelve  feet  distant. 

Fig.  27. — The  objects  were  illuminated  by  means  of 
one  lamp  in  a  four-light  fixture.  These  lamps  were 
so  far  distant  (12  feet)  as  to  be  virtually  point  sources. 
A  slight  amount  of  diffused  light  illuminated  the 
shadows. 

Fig.  28. — The  objects  were  illuminated  by  means 
of  two  lamps  in  the  foregoing  fixture.  The  double 
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shadow  is  very  apparent.  This  is  not  an  unusual  con- 
dition, is  annoying  for  much  fine  work,  and  is  es- 
pecially unsatisfactory  for  the  illumination  of  human 
faces,  sculptured  objects,  and  many  other  things. 


Fig.  28  —  Two  tungsten  lamps  two  feet  apart  and  twelve  feet  distant. 

Fig.  29.  —  The  four  lamps  illuminated  the  objects 
with  the  resulting  multiplicity  of  shadows  as  seen. 
This  four-light  fixture  is  a  common  fixture  in  use  daily. 

Fig.  30.  —  The  light  unit  was  of  the  so-called  semi- 
indirect  type,  from  which  some  of  the  light  comes 
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Fig.  29  —  Four  tungsten  lamps  twelve  feet  distant. 

directly  to  the  objects  and  some  of  it  arrives  indirectly 
by  way  of  the  ceiling,  walls,  etc.  It  is  seen  that  the 
shadows,  though  not  dark,  are  quite  well  defined.  Such 
a  unit  gives  practically  the  same  results  as  a  direct 
unit  amid  highly  reflecting  surroundings,  although  semi- 
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indirect  units  differ  widely  in  the  amount  of  direct  light 
which  they  emit  in  a  general  downward  direction. 

Fig.  31.  —  A  so-called  indirect  unit  was   employed 
in  this  case.    The  ceiling  is  the  chief  secondary  source 


Fig.  30  — '  Semi-indirect '  lighting. 

of  light,  and  the  effect  of  this  extended  source  is  noted 
in  the  undefined  shadows. 

Fig.  32.  —  Inasmuch  as  the  new  high  efficiency 
tungsten  lamps  have  become  popular  in  the  field  of 
portrait  photography,  some  experiments  were  made  on 


Fig.  31  —  Indirect'  lighting. 

the  shadow-producing  effect  of  a  lamp  devised  by  the 
author  for  portraiture.  In  this  case  the  bare  lamp  was 
used  at  a  distance  of  three  feet.  Although  the  filament 
is  confined  to  a  small  volume,  the  effect  in  this  case  is 
not  quite  that  due  to  a  theoretically  point  source ;  how- 
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ever,  the  shadows  are  usually  too  sharp  for  ordinary 
portrait  photography. 


Fig.  32  —  Photographic  tungsten  lamp  (bare).    Distance  three  feet. 

Fig.  33.  —  The  lamp  in  this  case  was  placed  in  a 
white  enamelled  reflector.  The  point  source  still  re- 
mains effective,  but  the  effect  of  the  white  reflector, 
which  had  an  aperture  of  16  inches,  is  visible,  due  to 
the  light  from  this  extended  area  creeping  into  the 
shadows.  The  distance  of  the  light  unit  from  the 
objects  was  three  feet. 
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Fig.  33  —  The  same  lamp  hi  a  white-enamelled  reflector.    Distance 
three  feet. 

Fig.  34.  —  The  light  unit  remained  at  the  same  posi- 
tion (three  feet  from  the  objects),  but  the  aperture  of 
the  reflector  was  covered  by  means  of  a  piece  of  trac- 
ing cloth.  The  softer  effect  produced  by  this  more 
extended  light  source  is  evident.  Practically  the  same 


48      LIGHT  AND   SHADE  AND  THEIR  APPLICATIONS 

result  would   be   obtained  by  means   of  a   source   32 
inches  in  diameter  at  double  the  distance  —  six  feet. 


Fig.  34  —  The  foregoing  unit  with  tracing  cloth  over  the  aperture  of 
the  reflector.     Distance  three  feet. 

Fig.  35.  —  The  light  unit  was  the  same  as  used  in 
Fig.  34,  but  the  distance  from  the  objects  was  twice  as 
great,  namely  six  feet.  It  is  seen  that  the  effect  is 
again  approaching  that  of  a  point  source.  Obviously, 
if  the  size  of  the  unit  had  been  doubled  when  its  dis- 


Fig.  35  —  The  same  outfit  at  a  distance  of  six  feet. 

tance  was  doubled,  the  effect  would  remain  practically 
the  same  as  in  Fig.  34. 

Fig.  36.  —  The  same  unit  was  used  as  in  Figs.  34 
and  35,  but  the  distance  was  changed  to  ten  feet.  The 
effect  is  now  more  nearly  that  of  a  point  source.  In 
order  to  obtain  approximately  the  same  character  of 
cast  shadows  as  in  Fig.  34  at  a  distance  of  ten  feet 
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the  diameter  of  the  light  unit  would  have  to  be  in- 
creased to  about  53  inches. 


Fig.  36  —  The  same  outfit  at  a  distance  of  ten  feet. 

Fig.  37.  -  -  The  unit  was  a  ground-glass  globe  ten 
inches  in  diameter  containing  a  gas-filled  tungsten 
lamp,  and  its  distance  from  the  objects  was  four  feet. 
It  is  seen  from  the  shadows  produced  that  the  light 
is  emitted  chiefly  from  a  small  bright  spot  always 


Fig.  37  —  A  tungsten  lamp  in  a  ground  glass  globe  ten  inches  in 
diameter.    Distance  four  feet. 

visible  with  ground-glass  globes.  Some  effects  of  a 
superposed  extended  source  (the  luminous  globe)  are 
just  visible. 

Fig.  38.  —  The  ground-glass  globe  in  Fig.  37  was 
replaced  by  a  highly  diffusing  opal  glass  globe  ten  inches 
in  diameter.  The  effects  produced  approach  those  in 
Fig.  34;  that  is,  the  source  has  been  definitely  extended, 


50      LIGHT  AND   SHADE  AND   THEIR  APPLICATIONS 

with  the  result  that  the  shadows  are  not  as  harsh  as 
in  Fig.  37.  The  distance  was  four  feet,  as  in  the  pre- 
ceding case. 


Fig.  38  —  A  tungsten  lamp  in  an  opal  glass  globe  ten  inches  in  di- 
ameter.   Distance  four  feet. 

Fig.  39.  —  These  effects  were  obtained  with  a  mer- 
cury tube,  twenty  inches  long,  placed  in  a  vertical  posi- 
tion at  a  distance  of  three  feet  from  the  objects. 

Fig.  40.  —  The  conditions  were  the  same  as  in 
Fig.  39  but  the  tube  was  inclined  at  an  angle  of  45 
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Fig.  39  —  A  mercury  vapor  arc  with  the  tube  in  a  vertical  position. 

degrees  in  a  position  so  that  the  length  of  the  tube  was 
in  a  plane  parallel  to  that  containing  the  row  of  objects. 

Fig.  41.  -  -  The  conditions  were  the  same  as  in 
Fig.  39  but  the  mercury  tube  was  dropped  to  a  hori- 
zontal position. 

The  foregoing  experiments  are  interesting  from  all 
standpoints  of  lighting,  which  obviously  plays  an  im- 
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portant  part  in  nearly  all  human  activities.  A  thorough 
study  of  the  foregoing  results  is  recommended  to  the 
reader. 

In  studying  the  production  of  shadows  it  became 
evident  that  beautiful  patterns  could  be  obtained  very 
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Fig.  40  —  A  mercury  vapor  arc  with  the  tube  inclined  at  forty-five  degrees. 

simply  by  means  of  multiple  shadows  cast  by  an  ob- 
ject lighted  by  means  of  light  sources  systematically 
placed.  Various  possible  uses  for  such  a  simple  method 
of  producing  patterns  have  occurred  to  the  author, 
among  them  being  attractive  displays.  Another  pos- 
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Fig.  41  —  A  mercury  vapor  arc  with  the  tube  in  a  horizontal  position. 

sible  practical  application  might  be  in  the  design  of 
patterns  which  can  be  done  very  easily.  Beautiful 
color  effects  can  be  produced  by  using  colored  lamps 
and  the  author  has  actually  used  the  method  in  demon- 
strating color-mixture  as  described  elsewhere. 
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Some  very  simple  effects  produced  by  means  of  an 
ordinary  four-light  fixture  about  eight  feet  above  the 
shadow-producing  objects  are  shown  in  the  figures  fol- 
lowing. A  flat  ring  (an  ordinary  washer)  was  placed 
on  a  horizontal  sheet  of  plate  glass  directly  beneath 
the  four-light  fixture  a  few  inches  from  a  photographic 
plate.  The  four  cast  shadows  intermingled  symmetri- 
cally and  produced  the  pattern  shown  in  a,  Fig.  42. 
On  lowering  the  ring  slightly  the  pattern  changed  in 
appearance  to  that  shown  in  b,  Fig.  42.  On  placing 
the  ring  still  closer  to  the  photographic  plate  the  shadow 
effect  was  as  shown  in  c,  Fig.  42.  Some  of  the 
shadows  were  so  delicate  that  they  have  suffered  ma- 
terially hi  the  various  reproductions  necessary  to  illus- 
trate them  here. 

Next  an  opaque  octagon  was  fitted  into  the  hole  in 
the  flat  ring,  with  the  result  shown  hi  a,  Fig.  43.  When 
this  octagon  was  replaced  by  an  opaque  square  the 
effect  produced  is  that  shown  in  b,  Fig.  43.  On  turn- 
ing this  square  through  an  angle  of  45  degrees  another 
pattern  was  produced.  On  replacing  the  square  with 
a  small  flat  ring,  the  complex  pattern  of  overlapping 
shadows  of  the  two  concentric  flat  rings  shown  in  c, 
Fig.  43,  was  produced. 

In  a,  Fig.  44,  various  patterns  are  shown  as  pro- 
duced by  simple  flat  rings  of  various  dimensions. 
These  rings  were  placed  at  the  same  distance  (three 
inches)  from  the  photographic  plate  and  six  feet  directly 
beneath  a  four-light  fixture  containing  bare  incandes- 
cent electric  lamps  symmetrically  arranged.  On  mov- 
ing the  photographic  plate  somewhat  closer  to  the 
sheet  of  plate  glass  upon  which  the  rings  were  situ- 
ated, the  patterns  shown  in  b  were  obtained.  Thus  it 
is  seen  that  surprisingly  different  patterns  can  be 
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(a) 


(a) 


(b) 


(b) 


(c) 

Fig.  42  —  Multiple  shadows  cast  by  an 
annular  ring.     Four  light  sources. 


(c) 

Fig.  43  —  Multiple  shadows  of  simple  geo- 
metrical objects.    Four  light  sources. 
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obtained  by  means  of  the  same  ring  by  varying  the 
distance  from  the  surface  upon  which  the  shadow- 
pattern  is  cast  and  by  means  of  rings  of  different  di- 
mensions. In  Fig.  45  are  shown  a  few  more  patterns 
obtained  by  means  of  the  multiple  shadows  cast  by 
simple  geometrical  objects  under  a  four-light  fixture. 
Pattern  a  was  obtained  by  means  of  an  opaque  octa- 
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(a)  (b) 

Fig.  44  —  Multiple  shadows  of  annular  rings  of  various  dimensions  at  two  dif- 
ferent heights  from  the  surface  receiving  the  shadows.    Four  light  sources. 

gon.  On  revolving  this  object  horizontally  through  an 
angle  of  45  degrees  the  pattern  shown  in  b  was  ob- 
tained. In  c  is  shown  the  pattern  cast  by  two  concen- 
tric flat  rings,  d  was  obtained  by  means  of  an  opaque 
square.  On  turning  this  object  through  an  angle  of 
45  degrees  another  symmetrical  pattern  was  obtained. 
e  was  obtained  by  means  of  a  90-degree  sector. 

Thus  it  is  seen  that  a  very  large  variety  of  patterns 
can  be  obtained  by  means  of  a  few  simple  objects. 
Those  shown  in  the  foregoing  illustrations  were  ob- 
tained by  means  of  a  symmetrical  arrangement  of  four 
point  sources  of  light.  Obviously,  many  other  patterns 
can  be  obtained  by  symmetrical  arrangements  of  any 
other  number  of  light  sources.  The  asymmetrical  pat- 
terns obtained  by  means  of  asymmetrical  arrangement 
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of  the  objects  and  light  sources  are  also  very  interest- 
ing. The  foregoing  illustrations  do  not  do  justice  to 
these  surprisingly  beautiful  effects  obtained  so  simply. 
The  colored  effects  obtained  by  the  use  of  colored 
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(d) 


(e) 


(c) 
Fig.  45  —  Multiple  shadows  of  simple  objects  due  to  four  light  sources. 

lights  are  strikingly  beautiful,  due  to  the  contrasting 
and  mixing  of  the  colors.  The  effects  can  be  demon- 
strated readily  by  projecting  the  shadows  upon  a  ground 
opal  glass  and  the  light  sources  can  be  arranged  so 
that  by  means  of  separate  switches  any  combination 
can  be  turned  on. 


CHAPTER  V 

THE   SCALE   OF  VALUES 

Many  of  those  who  practise  the  art  of  light  and 
shade  are  enrolled  in  that  large  class  of  artists  which 
exhibits  an  antipathy  toward  the  science  —  the  founda- 
tion of  their  art  —  and  therefore  are  prejudiced  against 
the  application  of  exact  measurements  of  light.  The 
author  does  not  contend  that  art  can  be  manufactured 
by  means  of  formulae  and  measuring  intruments,  but 
science  and  art  are  closely  linked,  because  science  pre- 
sents the  truth  which  art  strives  to  represent.  Science 
is  the  foundation  and  structure  of  knowledge,  and  in 
the  absence  of  knowledge  art  lacks  the  ability  to  appeal. 
Leonardo  da  Vinci  wrote: 

"  Those  who  become  enamored  of  the  practise  of  art  without 
having  previously  applied  themselves  to  the  diligent  study  of  the 
scientific  part  of  it,  may  be  compared  to  mariners  who  put  to  sea 
in  a  ship  without  a  rudder  or  compass  and,  therefore,  cannot  be 
certain  of  arriving  at  the  wished-for  port.  Practise  must  always 
be  founded  on  good  theory." 

The  woful  lack  of  scientific  foundation  is  especially 
apparent  in  the  teaching  of  many  of  the  arts.  The 
author's  experience  with  artists  in  color  and  in  light 
and  shade  indicates  that  the  underlying  sciences  are 
quite  neglected.  The  artist's  knowledge  of  these 
sciences  is  usually  scanty  and  inaccurate,  and  even 
after  an  extensive  acquaintance  with  the  artist,  his 
lack  of  appreciation  of  the  importance  of  a  scientific 
foundation  is  still  a  source  of  surprise  to  the  author. 
It  is  noteworthy  and  significant  that  the  great  artists 
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in  light  and  shade  and  in  color  have  had  a  fair  knowl- 
edge of  the  underlying  principles  —  the  science.  By 
no  means  does  the  author  wish  to  intimate  that  the 
artist  should  add  to  his  kit  of  tools,  instruments  for 
measuring  light  and  apparatus  for  mixing  and  ana- 
lyzing colors.  However,  these  should  find  a  useful 
field  in  teaching  pure  and  applied  art  and  in  developing 
art  courses.  There  are  many  arguments  for,  and  few, 
if  any,  against  the  use  of  instruments  for  learning  and 
teaching  the  fundamentals  of  the  underlying  sciences 
and  for  standardizing  color  charts  and  value  scales. 
The  author  has  critically  viewed  studies  in  light  and 
shade,  as  well  as  in  color,  made  from  Nature,  and  it  has 
often  appeared  that  an  acquaintance  with  colors  and 
values  gained  through  the  use  of  instruments  during 
student  days  or  through  the  use  of  standardized  scales 
and  charts  would  have  developed  in  the  artist  an  abil- 
ity for  keener  perception  and  more  accurate  observa- 
tion. The  artist  must  acknowledge  that  the  products 
of  his  tools  are  lights,  shades,  and  colors  which  through 
their  arrangement  make  an  appeal  to  emotional  man 
and  that  an  accurate  fundamental  knowledge  of  these 
factors  should  be  extremely  helpful. 

An  examination  of  value  scales  in  use  hi  art  courses 
or  made  by  various  artists  shows  that  there  is  little 
consistency  or  uniformity  among  them.  The  value 
scale  need  not  be  made  with  the  extreme  exactitude 
employed  in  most  of  the  physical  standards,  but  it  can 
be  standardized  to  such  an  extent  that  it  may  be  re- 
produced with  a  fair  degree  of  accuracy  and  have  a 
definite  meaning.  In  Fig.  46  are  shown  the  results  of 
brightness  measurements  on  a  value  scale  found  in  a 
well-known  book  on  art  education.  The  black  dots 
represent  the  relative  brightnesses  (scale  on  left  side) 
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of  the  various  values  in  the  value  scale  commonly 
known  among  artists  as  black,  low  dark,  dark,  high 
dark,  medium,  low  light,  light,  high  light,  and  white. 
The  scale  on  the  right  side  is  one  of  actual  reflection 
coefficients.  This  scale  of  values  is  the  most  regular 
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Fig.  46  —  Analysis  of  a  scale  of  values. 

and  consistent  scale  among  those  examined,  but  owing 
to  the  difficulty  of  printing  deep  blacks,  the  two  dark- 
est values  are  brighter  than  they  should  be  to  repre- 
sent a  regularly  gradated  scale. 

The  known  facts  of  vision  pertaining  to  the  percep- 
tion of  differences  in  brightness  indicate  that  there 
should  be  at  least  the  same  interval  of  brightness 
between  adjacent  values  at  the  darker  end  of  the  scale 
as  between  adjacent  values  at  any  other  portion  of  the 
scale.  Perhaps  it  is  sufficiently  accurate  for  practical 
purposes  to  have  a  value  scale  closely  approach  the 
dotted  straight  line  in  Fig.  46.  The  actual  measure- 
ments of  brightness  obtained  with  this  scale  are  pre- 
sented in  Table  III. 
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TABLE   III 

Results  Obtained  from  an  Examination  of  the  Most  Uniform 
Value  Scale   Found 


Value 

Relative 
brightness 

Reflection 
coefficient 

B  (black)  
LD 

15.5 
17.8 

11.6 
13  3 

D  
HD  
M  
LL 

25.8 
35.3 
48.7 
60.3 

19.3 
26.6 
36.4 
45  2 

L  
HL  
W  (white)  

71.3 
80.6 
100.0 

53.4 
60.4 
75.0 

The  only  large  corrections  of  this  scale  are  for  HL 
and  the  two  darkest  values.  The  HL  value  should 
be  10  per  cent  brighter,  LD  somewhat  darker,  and  the 
B  value  considerably  darker  —  the  blackest  pigment 
available.  In  order  to  provide  standard  sets  of  reflec- 
tion coefficients  for  the  nine  values  in  common  use, 
Table  IV  is  presented.  The  governing  factors  in  formu- 
lating a  table  of  reflection  coefficients  for  the  represen- 
tation of  the  value-scale  are  the  reflection  coefficients 
of  the  available  '  black '  and  '  white '  materials  and 
the  common  use  of  nine  steps  in  the  value  scale. 
The  blackest  pigments  reflect  some  light,  the  nearest 
approach  to  black  being  a  hole  in  a  light-proof  box 
whose  interior  is  lined  with  black  velvet.  When  com- 
pared with  this  hole  the  blackest  pigments  are  seen 
to  reflect  some  light;  that  is,  they  are  considerably 
brighter  than  the  black  hole.  So-called  black  ink 
used  in  printing  often  reflects  as  much  as  ten  per  cent 
of  the  incident  light,  and  the  so-called  l  whites '  are 
found  to  vary  considerably  in  reflecting  power.  A 
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paper  will  be  considered  white  when  its  reflection 
coefficient  is  as  low  as  0.70,  and  yet  the  reflection  co- 
efficients of  so-called  white  materials  range  as  high  as 
0.90  and  sometimes  slightly  above.  The  reflection  co- 
efficients of  so-called  white  pigments  used  in  painting 
vary  from  0.75  to  0.90.  Of  course  a  paper  having  a 
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Fig.  47  —  A  standard  scale  of  values. 


HL 


reflection  coefficient  of  0.75,  although  appearing  white 
when  viewed  alone  or  in  comparison  with  surfaces  of 
lower  reflecting  power,  will  appear  light  gray  when 
compared  with  pure  zinc  oxide,  or  materials  having 
reflection  coefficients  as  high  as  0.90.  It  should  be 
noted  that  judgments  are  always  relative  and  in  ordi- 
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nary  vision  are  only  estimates,  so  that  in  formulating  a 
scale  of  values  it  appears  necessary  in  order  to  estab- 
lish a  working  basis  to  allow  a  certain  range  for  each 
of  the  nine  values  commonly  used.  After  a  considera- 
tion of  the  limiting  factors  the  scale  as  given  in  Table 
IV  appears  to  provide  a  consistent  and  simple  standard. 
A  range  is  allowed  in  order  to  provide  a  place  for  all 
measured  relative  brightnesses  or  reflection  coefficients 
with  the  lower  limit  in  each  case  to  be  the  ideal  and 
from  which  the  value  scale  shown  in  Fig.  47  is  plotted. 
The  lower  limit  for  white  (reflection  coefficient,  0.8) 
represents  a  common  value  for  commercial  white  pig- 
ments and  papers. 

TABLE  IV 
Proposed  Standard  Value  Scale 


Value 

Reflection  coefficient 

B  (black)                       

0.00-0.10 

LD 

.10-  .20 

D 

.20-  .30 

HD                              

.30-  .40 

M                                                          

.40-  .50 

LL 

.50-  .60 

L                                

.60-  .70 

HL                                            

.70-  .80 

W  (white)                                                    

.80-  .90 

The  full  line  in  Fig.  47  represents  the  proposed 
standard  scale  and  the  dotted  line  the  upper  limit  of 
the  range  in  each  case  which  provides  a  place  for  all 
measured  reflection  coefficients  or  relative  brightnesses. 
Commercial  pigments  and  surfaces,  ordinarily  encoun- 
tered, having  reflection  coefficients  as  high  as  0.90  are 
rare;  therefore  this  scale  provides  a  place  for  all  ordi- 
nary values.  It  should  be  noted  that  only  relative 
values  or  brightnesses  are  of  interest  in  ordinary  vision. 
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However,  for  purposes  of  standardization  or  analysis, 
absolute  reflection  coefficients  must  be  measured.  It 
might  be  desirable  to  plot  analyses  of  value  scales  on 
Fig.  47  and  for  this  purpose  the  illustration  has  been  left 
reasonably  large. 

From  a  practical  standpoint,  inasmuch  as  values  are 
judged  by  the  eye,  it  appears  that  the  common  practise 
of  using  nine  steps  in  the  scale  of  values  is  sufficiently 
complete  and  quite  satisfactory.  The  suggested  stand- 
ardization of  the  scale  of  values  is  the  result  of  a  con- 
sideration of  all  the  factors  involved  and  appears  to 
be  a  simple  and  satisfactory  value  scale.  If  such  a 
scale  be  used  and  only  relative  values  are  desired  the 
white  on  the  scale  can  be  reduced  to  the  new  scale  by 
multiplying  by  125.  Of  course  the  relative  brightnesses 
remain  the  same  as  before.  It  is  hoped  that  this  sug- 
gestion may  lead  to  a  standardization  of  the  scale  of 
values  in  absolute  units  or  at  least  to  a  closer  atten- 
tion to  the  consistency  and  uniformity  of  the  scale  of 
values  used  by  teachers  and  artists.  Whenever  it  is 
necessary  throughout  this  book  to  refer  to  a  scale  of 
values,  that  represented  in  Table  IV,  and  by  the  full 
line  in  Fig.  47  will  be  used  as  a  standard. 

In  the  foregoing  discussion  no  account  has  been 
taken  of  the  effect  of  simultaneous  contrast  on  the 
apparent  brightness  of  areas.  For  instance,  two  grays 
of  equal  reflection  coefficients  (having  the  same  abso- 
lute values)  appear  identical  only  when  their  environ- 
ments are  alike.  Often  the  absolute  values  are  of 
interest,  and  in  such  a  case  the  relative  or  absolute 
reflection  coefficients  are  compared  with  the  relative 
or  absolute  reflection  coefficients  of  the  standard  scale 
of  values.  Very  often,  however,  only  the  appearances 
of  objects  are  of  interest.  In  such  a  case  the  judg- 
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ment  of  values  as  seen  by  the  eye  is  the  basis  of 
measurement  and  the  values  of  various  objects  of 
different  brightness  will  be  found  to  vary  from  those 
that  would  be  obtained  by  individual  brightness  meas- 
urements on  each  object  which  includes  the  contrast 
effect  due  to  its  environment.  These  points  should  be 
borne  in  mind  in  all  studies  and  applications  of  light 
and  shade.  Obviously  the  effect  of  contrast  is  of  high 
importance  in  the  production  of  a  standard  scale  of 
values.  Theoretically  each  value  should  be  surrounded 
by  a  field  of  the  same  brightness,  but  this  is  impossible 
when  constructing  a  scale.  If  a  medium  gray'  be  used 
as  a  background,  certain  practical  difficulties  will  be 
overcome.  For  instance,  in  printing  or  painting  a  scale 
of  values  the  chief  difficulties  lie  in  obtaining  the  pig- 
ments for  the  two  ends  of  the  scale,  namely  black  and 
white.  The  black  pigments  obtainable  reflect  con- 
siderable light  and  the  white  pigments  absorb  some 
light.  By  using  a  medium  gray  background  for  the 
value  scale  the  black  appears  '  blacker '  and  the  white 
appears  *  whiter.'  White  backgrounds  are  usually  used 
and  there  is  no  serious  objection  to  them,  but  it 
appears  that  a  desirable  background  for  a  standard 
scale  of  values  is  a  medium  gray.  There  is  no  great 
difficulty  in  obtaining  a  white  paper  or  pigments  having 
a  reflection  coefficient  of  0.8  for  one  end  of  the  value 
scale,  but  it  is  very  difficult  to  obtain  a  black  with  a 
reflection  coefficient  sufficiently  close  to  zero  to  be 
satisfactory  for  the  other  end  of  the  scale.  For  this 
reason  a  white  background  is  welcome,  owing  to  the 
*  blacker '  appearance  of  one  extreme  of  the  scale  due 
to  the  effect  of  simultaneous  contrast  between  the  B 
value  and  the  white  background. 

The  effect  of  environment  upon  the  apparent  bright- 
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ness  or  value  of  an  object  is  very  simply  shown.  Take 
three  neutral  papers,  namely  black,  medium  gray,  and 
white,  and  cut  a  clean  hole  of  the  same  size  in  the 
center  of  each.  From  a  paper  of  any  reflecting  power 
from  white  to  black  cut  three  small  pieces  larger  than 
the  holes  cut  in  the  other  papers.  Place  one  of  these 
three  identical  specimens  underneath  the  black,  gray, 
and  white  papers  so  that  they  are  visible  through  the 
holes.  When  all  three  specimens  are  lying  flat  upon  a 
surface  which  receives  uniform  diffused  light,  compare 
the  apparent  brightnesses  of  the  three  identical  speci- 
mens amid  the  three  different  environments.  They  will 
not  appear  alike.  The  effect  of  simultaneous  contrast 
on  the  appearance  of  neutral  as  well  as  colored  objects 
is  worthy  of  a  great  deal  of  study  by  actual  experimen- 
tation, because  the  importance  and  magnitude  of  these 
effects  are  not  fully  appreciated  without  an  acquaintance 
gained  by  such  a  procedure.  In  fact  the  importance 
and  magnitude  of  the  effect  of  simultaneous  contrast 
or  the  effect  of  environment  will  continue  to  be  more 
and  more  appreciated  by  the  student  for  many  years. 

Inasmuch  as  the  scale  of  values  is  a  scale  of  bright- 
nesses, it  appears  of  interest  to  discuss  brightness  and 
its  measurement.  Brightness  may  be  expressed  in 
terms  of  the  luminous  intensity  per  unit  area  of  the 
surface  projected  on  a  plane  perpendicular  to  the  line 
of  sight,  and  including  only  a  surface  of  dimensions 
negligibly  small  in  comparison  with  the  distance  to 
the  observer.  It  is  measured  in  candles  per  square 
centimeter,  square  inch,  etc.,  of  the  projected  area. 
The  normal  brightness  is  the  brightness  taken  in  the 
direction  perpendicular  or  normal  to  the  surface.  In 
the  case  of  perfectly  diffusing  surfaces  the  brightness  is 
always  the  same,  regardless  of  the  direction  from  which 


THE  SCALE  OF  VALUES  65 

the  surface  is  viewed.  Brightness  is  usually  measured 
by  means  of  a  photometer  which  compares  the  unknown 
brightness  with  a  standard  of  known  value.  Sometimes 
brightness  is  expressed  in  apparent  foot-candles  or 
apparent  meter-candles.  Such  a  unit  is  readily  com- 
prehended by  those  familiar  with  illumination  intensi- 
ties. A  brightness  of  one  apparent  foot-candle  is  taken 
as  the  brightness  of  a  perfectly  reflecting  and  diffus- 
ing surface  illuminated  to  an  intensity  of  one  foot- 
candle.  A  very  useful  unit  of  brightness  is  one  recently 
adopted  by  the  Illuminating  Engineering  Society  called 
the  '  lambert '  which  is  the  brightness  of  a  perfectly 
diffusing  surface  radiating  or  reflecting  one  lumen  per 
square  centimeter.  For  most  purposes  the  millilambert 
(O.OOi  lambert)  is  a  more  practical  unit.  For  readily 
transforming  one  unit  in  terms  of  another,  the  data  in 
Table  V  are  presented. 

TABLE  V 
Photometric  Units 

1  lambert  =  0.3183  candle  per  sq.  cm.  =  2.054  candles  per  sq.  in. 

1  candle  per  sq.  cm.  =  3.1416  lamberts. 

1  candle  per  sq.  in.  =  0.4868  lamberts  =  486.8  millilamberts. 

1  spherical  candle-power  emits  12.57  lumens. 

1  foot-candle  =  1  lumen  incident  per  sq.  ft. 

1  lux  =  1  lumen  incident  per  sq.  meter. 

1  lambert  =  1  lumen  emitted  per  sq.  cm. 

1  lumen  emitted  per  sq.  ft.  =  1.076  millilambert. 

1  millilambert  =  0.929  lumen  emitted  per  sq.  ft. 

For  the  last  three  cases  perfect  diffusion  is  assumed. 

It  is  out  of  the  question  here  to  enter  into  an 
elaborate  discussion  of  the  measurement  of  brightness. 
Such  discussions  will  be  found  in  treatises  on  pho- 
tometry and  illumination,  and  further  definitions  will  be 
found  in  the  late  reports  of  the  Committee  on  Nomen- 
clature and  Standards  of  the  Illuminating  Engineering 
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Society  published  in  the  Transactions  of  the  society. 
Only  the  essentials  have  been  presented  in  the  fore- 
going, but  it  might  be  well  to  add  that  brightnesses  or 
values  are  the  visible  results  of  illumination.  In  other 
words,  in  order  to  distinguish  between  illumination  and 
brightness  the  former  may  be  considered  the  cause 
and  the  latter  the  effect.  The  brightness  of  a  surface 
is  related  to  the  illumination,  or  amount  of  light  flux 
falling  on  the  surface,  through  the  reflection  coefficient 
of  the  surface;  that  is,  areas  differing  in  reflecting 
power  will  appear  of  different  brightnesses  even  under 
the  same  intensity  of  illumination. 


CHAPTER  VI 
THE  INFLUENCE   OF   COLOR 

The  fact  that  the  brightness  and  the  hue  of  a  given 
colored  object  are  not  invariable,  but  depend  upon  the 
spectral  character  of  the  illuminant,  complicates  the 
science  and  art  of  light  and  shade  very  much.  This 
phenomenon  can  be  demonstrated  very  readily  by  com- 
paring the  appearance  of  a  colored  pattern  or  painting 
under  ordinary  artificial  light  and  under  daylight.  It 
is  well  known  that  colored  fabrics  appear  different  in 
hue  under  these  illuminants,  although  the  fact  that  the 
relative  brightnesses  of  colored  objects  vary  with  re- 
spect to  each  other  under  different  illuminants  has  not 
received  much  attention.  Many  of  these  facts  have 
been  illustrated  and  discussed  elsewhere,1  but  a  brief 
discussion  will  be  presented  here. 

In  order  to  understand  why  the  brightnesses  of  two 
different  colors  cannot  in  general  bear  the  same  rela- 
tion to  each  other  under  different  illuminants  it  is  nec- 
essary to  consider  why  an  object  appears  colored.  A 
white  or  gray  object  does  not  appear  colored  when 
illuminated  by  noon  sunlight  (' white'  light),  because  it 
reflects  equal  amounts  of  the  incident  visible  radiation 
of  all  wave-lengths.  In  Chapter  II,  in  the  discussion  of 
the  physics  of  light,  it  was  noted  that  an  incandescent 
object  such  as  the  sun  emitted  light-waves  of  many 
wave-lengths  or  frequencies.  The  eye  is  sensitive  to  a 
certain  range  of  these  wave-lengths,  each  train  of  light- 

1  Color  and  Its  Applications,  D.  Van  Nostrand  Co.,  New  York. 
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waves  producing  a  characteristic  sensation  of  color  de- 
pending upon  the  wave-length  or  frequency.  When  a 
white  or  gray  surface  is  viewed  under  an  ordinary  il- 
luminant  the  appearance  of  the  surface  will  be  that  due 
to  the  combined  color  sensations  aroused  by  the  light- 
waves of  many  wave-lengths  contained  hi  the  illuminant. 
Under  noon  sunlight  the  white  or  gray  surface  appears 
white  or  gray  respectively,  and  under  most  artificial 
illuminants  the  appearance  will  be  yellowish  white  or 
yellowish  gray  respectively.  The  latter  is  due  to  the 
relatively  greater  amounts  of  light-waves  producing 
the  sensations  of  yellow,  orange,  and  red,  present  in 
the  artificial  illuminant.  When  the  light-waves  are  per- 
mitted to  impinge  separately  upon  the  retina,  as  is  the 
case  when  viewing  the  rainbow,  the  individual  color  sen- 
sations due  to  light-waves  of  different  wave-lengths 
or  frequencies  are  experienced.  Various  means  for 
separating  or  decomposing  light  into  its  component 
light-waves  are  available,  such  as  the  prism  and  the 
diffraction  grating.  In  the  case  of  the  rainbow  the  rain- 
drops separate  the  light-waves  by  refraction. 

Various  light-waves  can  be  separated  by  selective 
absorption  or  transmission;  that  is,  a  colored  fabric 
appears  colored  because  it  has  the  property  of  reflect- 
ing light-waves  of  certain  wave-lengths  to  a  greater 
degree  than  others,  and  a  resultant  color  sensation  is 
experienced.  For  instance,  a  red  fabric  has  the  ability 
to  reflect  only  red  rays  and  therefore  only  a  red  sen- 
sation is  produced.  The  appearance  of  this  fabric  is 
the  same  as  that  of  a  white  paper  illuminated  by  an 
illuminant  consisting  only  of  the  red  rays  corresponding 
to  those  reflected  by  the  red  fabric.  If  no  appreciable 
amount  of  red  rays  were  present  in  the  illuminant,  as 
in  the  case  of  the  mercury  arc,  the  red  fabric  would 
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appear  black.  A  white  paper  would  be  bluish  in 
appearance  when  illuminated  by  light  from  the  mer- 
cury arc,  in  both  cases  the  resulting  appearances 
being  due  to  the  combined  effect  of  the  color  sensa- 
tions produced  by  the  individual  light-waves  reaching 
the  eye.  This  is  an  extreme  example  of  a  change  in 
the  relative  brightnesses  of  two  colored  objects  under 
different  illuminants. 

Another  factor,  namely  the  spectral  character  of  the 
illuminant,  must  be  considered.  This  can  be  shown 
best  by  means  of  Fig.  48,  in  which  the  spectral  distri- 
butions of  energy  in  various  illuminants  are  presented. 
The  wave-lengths  are  given  in  terms  of  the  usual 
unit,  IJL,  representing  the  micron  or  one  ten-thousandth 
of  a  centimeter.  The  chief  colors  of  the  spectrum  are 
found  in  position  on  the  upper  scale.  It  is  seen  that 
the  ordinary  artificial  illuminants  contain  relatively 
more  yellow,  orange,  and  red  rays,  and  relatively  less 
green,  blue,  and  violet  rays  than  sunlight  or  skylight. 
For  this  reason  it  is  obvious  that  the  reflection  coeffi- 
cient of  a  colored  object  is  not  constant,  but  depends 
upon  the  illuminant,  and  that  the  reflection  coeffi- 
cients, and  therefore  the  relative  brightnesses  of  col- 
ored objects,  vary  with  respect  to  each  other  under 
different  illuminants.  The  heavy  vertical  lines  represent 
the  energy  line-spectrum  of  the  light  from  the  mercury 
arc.  Obviously,  if  a  colored  fabric  reflected  only  light- 
waves of  wave-lengths  other  than  those  represented 
by  the  heavy  vertical  lines  the  fabric  would  appear 
black  under  the  mercury  arc,  owing  to  the  absence  of 
any  reflected  light.  This  is  true  of  a  red  fabric  under 
this  illuminant. 

On  studying  the  spectral  distributions  of  energy  in 
the  various  illuminants  presented  in  Fig.  48,  it  is 
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obvious  that  a  series  of  colored  surfaces  will  vary  con- 
siderably in  brightness  under  two  different  illuminants. 
This  is  shown  in  Table  VI.  A  series  of  papers  of  fairly 
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Fig.  48  —  Spectral  distribution  of  energy  in  various  illnminants. 

A,  kerosene  flame. 

B,  carbon  filament  (3.1  w.  p.  m.  h.  c.). 

C,  tungsten  filament  (7.9  lumens  per  watt). 

D,  tungsten  filament  (22  lumens  per  watt). 

E,  sunlight.     F,  skylight. 

pure  or  saturated  colors  was  illuminated  by  daylight 
entering  a  window  and  the  reflection  coefficients  were 
determined.  The  same  procedure  was  carried  out  when 
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the  colored  papers  were  illuminated  by  the  light  from  a 
tungsten  lamp  operating  at  7.9  lumens  per  watt.  A 
considerable  difference  in  the  reflection  coefficients  or 

TABLE  VI 
Effect  of  the  Illuminant  on  the  Brightness  of  Colored  Papers 
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relative  brightnesses  (values)  under  the  two  illuminants 
is  to  be  noted.  It  is  seen  that  the  reflection  coefficient 
of  the  white  surface  is  constant,  but  this  is  not  true 
of  any  of  the  colored  surfaces.  In  general  the  colored 
papers  reflecting  predominantly  the  longer  light-waves 
(red,  orange,  and  yellow)  were  brighter  under  the  tung- 
sten light  than  under  the  daylight.  Those  which  re- 
flect the  shorter  light-waves  (green,  blue,  and  violet) 
predominantly  were  brighter  under  the  daylight  than 
under  the  light  from  the  tungsten  lamp.  The  changes 
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in  brightness  are  greatest  for  those  colors  reflecting 
light  predominantly  near  the  ends  of  the  spectrum.  In 
the  last  two  columns  the  values  taken  from  the  value 
scale  shown  in  Fig.  47  and  Table  IV  are  presented  to 
show  that  even  though  each  value  represents  a  con- 
siderable range  in  brightness  or  reflecting  power,  the 
reflection  coefficient  of  a  given  colored  paper  is,  in 
some  cases,  so  different  under  the  two  illuminants  as 
to  place  it  in  two  different  positions  on  the  value  scale, 
depending  upon  the  illuminant.  The  ratios  of  the  bright- 
nesses of  the  colored  papers  under  the  two  illuminants 
are  shown  in  the  last  column,  where  RT  represents 
the  reflection  coefficients  of  the  colored  papers  for  the 
tungsten  light  and  RD  those  for  daylight.  The  letters 
in  the  first  column,  with  the  exception  of  q,  indicate 
the  catalogue  (E.  Zimmermann)  designation  of  this 
series  of  colored  papers.  Here  is  seen  abundant  proof 
of  the  effect  of  color  and  the  illuminant  upon  the  values 
or  relative  brightnesses  of  colored  objects. 

The  foregoing  effects  are  of  importance  in  the  use 
of  color.  For  instance,  a  painting  having  an  area  of  blue 
sky  adjacent  to  yellow  clouds  was  examined  under 
daylight  and  tungsten  light.  The  clouds  and  sky  were 
of  equal  brightness  (value)  when  they  were  illuminated 
by  tungsten  light,  but  under  daylight  the  sky  was  twice 
as  bright  as  the  clouds  —  a  considerable  change  in 
relative  values.  Taking  into  account,  besides  this 
change  in  values  accompanying  a  change  in  the  illumi- 
nant, the  shift  in  hues,  it  is  seen  that  the  proper  il- 
luminant for  paintings  (and  many  other  colored  objects) 
is  either  natural  or  artificial  daylight,  because  the  paint- 
ings are  almost  always  executed  under  natural  light. 
This  point  will  be  discussed  further  in  Chapter  X. 

In   a   study  of   light   and  shade,   colored   shadows 


THE  INFLUENCE   OF  COLOR  73 

should  receive  attention,  because  they  are  visible  to 
the  close  observer  almost  everywhere.  They  are  es- 
pecially visible  out  of  doors  in  the  sunlight.  Even  at 
midday  on  a  sunny  day  a  shadow  on  a  white  surface 
is  decidedly  bluish  in  color  as  compared  with  the  color 
of  a  portion  of  the  white  surface  receiving  light  from 
both  the  sun  and  the  sky.  This  is  due  to  the  bluish 
color  of  the  skylight  which  illuminates  the  shadows. 
This  effect  may  be  observed  throughout  Nature  and  is 
quite  striking  in  some  colored  objects.  For  instance, 
some  green  leaves  appear  blue-green  hi  a  shadow  as 
compared  to  their  green  appearance  in  the  direct  sun- 
light. Of  course  the  different  brightnesses  of  objects 
in  a  shadow  and  in  direct  sunlight  (the  intensity  of  illu- 
mination from  the  entire  sky  being  sometimes  less  than 
one  sixth  that  from  the  noonday  sun)  makes  it  difficult 
to  be  sure  of  the  exact  change  in  color.  Toward  even- 
ing when  the  sun  has  become  quite  reddish  in  color 
and  the  illumination  due  to  light  from  the  sky  is  approxi- 
mately equal  to  that  from  the  sun,  the  colored  shadows 
are  quite  evident.  Now  the  shadow  is  a  vivid  blue  or 
blue-green  compared  with  the  reddish  purple  of  the 
combined  light  from  the  sun  and  sky. 

The  colored  shadows  are  more  difficult  to  distin- 
guish in  interiors,  owing  to  the  low  brightness  of  the 
shadows,  but  they  are  often  present.  The  colored  walls 
and  ceiling  send  colored  light  to  the  shadows  so  that 
the  latter  are  distinctly  colored  as  compared  with  the 
portion  of  the  same  surface  which  receives  considerable 
light  direct  from  the  light  source.  When  the  eyes  are 
carefully  screened  and  a  white  diffusing  surface  is 
used  to  receive  both  the  shadow  and  the  total  light, 
these  colored  shadows  are  visible.  A  simple  method 
of  observing  the  effects  of  wall  coverings  in  producing 
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colored  shadows  is  to  make  the  observations  at  quite  a 
distance  from  the  windows  which  admit  daylight.  A 
striking  demonstration  in  which  the  same  principle  is 
applied  is  to  cast  one  shadow  upon  a  white  surface  by 
intercepting  daylight  coming  through  a  window  and 
another  by  intercepting  artificial  light  from  a  source  in 
the  room.  The  two  shadows  will  not  only  be  colored 
but  will  be  of  different  color,  illustrating  the  difference 
in  the  color  of  the  two  illuminants.  In  this  case  one 
shadow  receives  only  daylight  and  appears  bluish  by 
contrast  with  the  other  shadow,  which  is  yellow  because 
it  is  illuminated  only  by  artificial  light.  The  surround- 
ing surface  receives  light  from  both  illuminants,  and 
the  resultant  hue  is  that  due  to  the  mixture  of  the  two 
illuminants. 

In  Chapter  IV  the  color  effects  produced  by  multiple 
shadows  have  been  briefly  described.  Such  effects 
can  be  utilized  in  various  ways.  In  some  lighting  dem- 
onstrations with  posed  models,  the  beautiful  effects 
of  colored  shadows  were  strikingly  illustrated.  If  a 
subject  were  flooded  with  light  of  a  given  color  from 
all  directions  and  then  lighted  by  means  of  a  strong 
directed  uncolored  light,  only  the  shadows  appeared 
colored  and  these  were  of  varied  brightnesses.  By 
means  of  rheostats  and  red,  green,  and  blue  lamps, 
the  flood  of  colored  light  could  be  changed  at  will  in 
hue  and  intensity  with  very  beautiful  results.  By 
changing  the  position  of  the  directed  light  other  ex- 
pressions were  obtained  and  the  shadows  remained 
colored.  It  is  surprising  that  colored  shadows  have 
not  been  utilized  in  artistic  stage  effects  to  the  limit 
of  their  possibilities. 

The  surface  character  and  color  of  an  object  often 
combine  to  produce  interesting  gradations  of  light  and 
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shade  intermingled  with  gradations  of  color.  There 
are  so  many  conditions  of  this  character  encountered 
that  it  is  quite  impossible  to  describe  all  of  them,  but 
the  general  principles  will  perhaps  be  useful  in  ana- 
lyzing such  conditions.  Light  is  altered  in  color  when 
it  is  diffusely  reflected  from  a  colored  surface,  but  that 
which  is  specularly  reflected  from  the  surface  remains 
unchanged  in  hue.  Inasmuch  as  most  surfaces  reflect 
some  light  specularly,  the  appearances  of  colored  objects 
are  complicated.  The  high-light  on  a  glazed  colored 
object  is  not  colored  at  all  by  the  object,  but  partakes 
of  the  color  of  the  light  source  —  the  high-light  usually 
being  the  reflected  image  of  the  light  source.  Such 
objects  are  exemplified  by  billiard  balls,  marbles,  and 
apples.  Sometimes  the  colored  surfaces  of  objects  are 
covered  with  a  thin  diffusely  reflecting  surface.  In 
such  cases  the  appearances  are  complicated,  due  to  the 
white  veil  over  the  colored  surface.  The  ordinary 
light  and  shade  effects  produced  on  the  white  diffusely 
reflecting  layer  are  superposed  upon  a  colored  surface 
with  an  intermingling  of  color  with  light  and  shade 
that  requires  close  observation  to  analyze.  Many  cases 
have  been  presented  to  illustrate  that  a  knowledge  of 
the  laws  of  light  are  very  useful  in  analyzing  the 
appearance  of  a  colored  object. 


CHAPTER  VII 
LIGHT  AND   SHADE  IN  NATURE 

There  are  many  reasons  why  a  study  of  light  and 
shade  in  Nature  should  be  profitable  and  interesting, 
although  one  cannot  hope  to  present  in  a  single  chap- 
ter an  exhaustive  analysis  of  light  and  shade  in  ever- 
changing  Nature.  However,  an  attempt  will  be  made 
to  discuss  the  subject  from  various  viewpoints  with  the 
aid  of  data  obtained  by  actual  measurement.  For  a 
study  of  light  and  shade  from  many  viewpoints,  Nature 
is  an  excellent  subject,  because  its  lighting  is  ever 
changing  and  its  cloak  varies  with  the  seasons. 

Nature's  light  varies  in  intensity  from  practically 
zero  to  a  very  high  maximum  and  in  distribution  from 
the  diffused  lighting  from  an  overcast  sky  to  the  highly 
directed  lighting  on  a  clear  day.  Between  these  latter 
two  extremes  are  represented  an  infinite  variety  of 
relations  of  diffused  and  directed  light.  Much  sculp- 
tured art  is  subjected  to  this  varied  lighting,  and  the 
effects  on  the  light  and  shade  of  these  modeled  objects 
furnish  interesting  and  valuable  information  to  the 
sculptor,  architect,  and  painter,  and  to  those  who  appre- 
ciate such  work.  The  changing  cloak  of  Nature  and 
the  effects  of  many  different  lightings  upon  it  provide 
valuable  material  for  the  artist  and  all  lovers  of  Nature 
and  art.  The  artist  has  recognized  this  value,  for  he 
spends  many  hours  studying  Nature  with  brush  or 
crayon.  Perhaps  this  brief  chapter  will  be  justified 
if  it  is  the  means  of  convincing  others  that  Nature  is  a 
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perpetual  source  of  pictorial  interest.  Nature  is  a  pic- 
ture gallery  containing  an  infinite  number  of  canvases. 
For  this  reason  it  is  interesting  and  profitable  to  choose 
and  to  study  those  scenes  which  are  pleasant  and  those 
which  are  unpleasant.  Further  pleasure  and  profit  can 
be  derived  from  analyses  of  these  chosen  scenes  and 
the  results  are  helpful  in  many  ways. 

From  the  standpoint  of  vision,  Nature  affords  an 
especially  interesting  field  for  exploration.  The  eye 
and  the  entire  process  of  vision  have  no  doubt  been 
influenced  during  their  evolution  by  their  environment, 
which  has  been  Nature  and  Nature's  lighting.  The 
activities  of  modern  man  are  far  removed  in  character 
from  those  of  primitive  man.  He  is  now  largely  an 
indoor  instead  of  an  outdoor  being,  and  owing  to  the 
development  of  dwellings,  even  the  natural  lighting 
conditions  under  which  man  works  have  been  altered 
greatly.  Since  the  advent  of  efficient  and  convenient 
artificial  light  sources,  man  has  become  to  some  extent 
independent  of  natural  light,  a  considerable  portion  of 
his  time  being  spent  under  artificial  lighting.  For 
these  reasons  it  is  quite  essential  that  natural  lighting 
conditions  be  analyzed,  hence  there  are  provided  other 
interesting  viewpoints  from  which  to  study  Nature. 

It  appears  of  interest  to  consider  briefly  the  chief 
sources  of  light,  namely  the  sun  and  the  sky,  and  the 
varied  combinations  of  light  from  both.  Skylight  is 
merely  the  light  from  the  sun  that  has  been  scattered 
by  the  particles  of  ice,  water,  dust,  smoke,  etc.,  in  the 
atmosphere;  that  is,  the  atmosphere  may  be  consid- 
ered as  a  partially  diffusing  medium  somewhat  similar 
in  its  transmission  characteristics  to  c' ,  Fig.  2.  It  is  a 
readily  demonstrable  fact  that  an  atmosphere  containing 
many  fine  particles  or  a  solution  such  as  dilute  milk 
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transmits  light  selectively;  that  is,  it  does  not  transmit 
or  scatter  all  light-waves  in  the  same  proportions.  The 
light-waves  of  shorter  wave-lengths  (violet,  blue,  and 
green)  are  scattered  more  freely  than  those  of  longer 
wave-lengths  (yellow,  orange,  and  red),  the  results  of 
this  selective  scattering  by  the  atmosphere  being  to 
make  the  direct  sunlight  more  yellowish  in  color  at 
the  earth's  surface  than  in  the  interplanetary  space 
and  to  make  the  scattered  light  —  the  light  from  the 
sky  —  bluish  in  color.  These  results  are  visible  on 
any  clear  day,  for  the  sky  appears  blue  and  a  shadow 
upon  a  colorless  surface  appears  bluish  in  comparison 
with  the  sunlit  surface,  owing  to  the  fact  that  the  former 
only  receives  light  from  the  sky  while  the  latter  receives 
light  from  both  the  sun  and  sky.  The  difference  in  the 
color  of  sunlight  and  of  skylight  is  more  strikingly  seen 
if  the  two  lights  are  directly  compared  at  about  equal 
intensities  on  adjacent  white  surfaces  by  means  of  a 
specially  devised  apparatus. 

For  the  sake  of  simplicity  the  effect  of  an  overcast 
sky  will  be  considered  by  means  of  a  hemisphere  of 
uniform  brightness;  that  is,  one  which  emits  equal 

quantities  of  light  per  unit 
area.  Of  course  very  few 
objects  outdoors  receive 
light  from  an  entire  hemi- 
sphere of  sky,  and  on  clear 
days  at  points  where  the 
""^  sun  is  visible  the  smaller 

Fig.  49 — Brightness  of  object,  O,  due      -j/u^  Ar     i  -ui 

to  a  hemisphere  of  unifonn  brightness,     the  amount  Of  sky  Visible, 

o  mqumpSiiIdebyeBeCti0n  coefficient  of    the    smaller   is   the    ratio 

of  the  amount  of  skylight 

to  that  of  direct  sunlight.  In  Fig.  49  the  hemisphere 
H  represents  the  sky,  and  it  is  assumed  to  be  of 


LIGHT  AND   SHADE  IN  NATURE  79 

uniform  brightness,  B,  over  its  entire  inner  surface. 
It  is  readily  shown  mathematically  that  the  brightness 
of  the  object,  O,  is  equal  to  its  reflection  coefficient, 
Ry  multiplied  by  the  brightness,  Ey  of  the  hemisphere. 
If  the  object  were  perfectly  reflecting,  its  brightness 
would  be  equal  to  that  of  the  hemisphere.  The  fore- 
going is  true  whether  the  object  is  diffusely  reflecting 
like  white  blotting  paper  or  is  specularly  reflecting 
like  a  mirror.  In  other  words,  no  object,  even  when 
illuminated  by  an  entire  overcast  sky,  can  be  brighter 
than  the  sky.  However,  when  the  object  receives 
direct  light  from  the  sun,  the  condition  is  different. 
In  this  case  an  object  sometimes  may  be  as  much  as 
six  times  the  brightness  of  the  sky.  This  is  due  to 
the  fact  that  sometimes  the  illumination  due  to  direct 
sunlight  is  greater  than  five  times  that  due  to  skylight. 
Under  extreme  conditions  of  deep  blue  sky  and  clear 
noon  sunlight,  the  sun  contributes  as  much  as  nine- 
tenths  of  the  total  light  reaching  the  earth,  but  such 
cases  are  rare  and  are  usually  at  high  altitudes,  where 
the  atmosphere  is  quite  free  from  dust,  smoke,  etc. 
None  of  the  thousands  of  measurements  made  by  the 
author  on  the  relative  intensities  of  sunlight  and  sky- 
light showed  that  the  sun  contributed  more  than  five- 
sixths  of  the  total  light  reaching  the  earth's  surface. 

It  is  a  common  but  erroneous  belief  that  daylight 
approaches  perfect  diffusion  in  distribution.  It  is  true 
that  for  some  conditions  of  natural  lighting,  namely 
on  days  when  the  sky  is  overcast,  the  light  is  relatively 
highly  diffused  compared  with  many  ordinary  lighting 
conditions,  but  that  it  approaches  perfect  diffusion  is 
not  true,  as  will  be  seen  in  Fig.  50.  Imagine  a  white 
diffusely  reflecting  surface  to  be  placed  at  the  center 
of  the  large  circle  and  rotated  throughout  360  degrees 
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about  an  axis  perpendicular  to  the  plane  of  the  paper. 

The  length  of  any  radial  line  drawn  perpendicular  to 

the  test  surface  at  the  center  of  the  large  circle  to  one 

of  the  curves  repre- 
sents  the  relative 
illumination  re- 
ceived by  the  test 
surface  at  that  spe- 
cific position. 

When  the  test 
surface  is  horizontal 
and  facing  upward 
it  is  receiving  the 
maximum  amount 
of  light  from  the 
sky.  This  value  is 
_9o°  represented  by  the 

Fig.  50  -  Distribution  of  illumination  about  a  vertical  line  joining 

point  (center  of  figure)  due  to;  the    center    and    the 

A,  a  point  source. 

B,  overcast  sky. 

C,  totally  diffused  light. 


90-degree  point. 

Curve  A  represents 
the  relative  illumination  received  by  the  test  surface 
at  all  angles  throughout  360  degrees  from  only  the 
sun  at  midday.  It  is  seen  that  no  direct  sunlight 
is  received  by  the  test  surface  after  it  has  turned 
from  the  horizontal  beyond  a  vertical  position;  that 
is,  direct  sunlight  reaches  the  test  surface  as  it  is 
turned  about  its  axis  for  only  180  degrees.  Curve  B 
was  obtained  in  the  same  manner  on  an  overcast  day 
when  the  sky  was  quite  uniformly  cloudy.  This  curve 
was  obtained  on  the  top  of  a  building  where  the  entire 
hemisphere  of  sky  was  visible.  It  is  seen  that  the 
illumination  does  not  diminish  as  rapidly  as  in  the 
first  case  as  it  leaves  its  horizontal  position  and  that 
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some  light  reaches  it  throughout  all  angles.  The  sur- 
face receives  light  directly  from  the  sky  at  all  positions 
excepting  when  it  is  horizontal  and  facing  downward. 
Some  of  the  light  that  reaches  the  test  surface  at  any 
position  throughout  the  lower  180  degrees,  represented 
by  the  minus  sign,  is  reflected  to  it  by  objects  on  the 
earth's  surface.  In  this  case  the  roof  reflected  some 
light,  for  it  was  a  dark  gray  gravel  surface.  Curve  C 
represents  the  constant  illumination  which  would  be 
received  by  the  test  surface  at  all  angles  under  per- 
fectly diffused  lighting.  Such  a  condition  is  never  met 
under  practical  conditions,  although  it  is  closely  ap- 
proached outdoors  on  an  overcast  day  when  the  ground 
is  covered  with  clean  white  snow  and  no  obstructions 
such  as  trees  or  buildings  are  near.  Indoors  this  con- 
dition would  be  approached  in  a  room  whose  walls, 
floor,  and  ceiling  were  approximately  of  equal  reflect- 
ing powers,  at  a  point  from  which  the  primary  light 
source  would  not  be  visible.  Perfectly  diffused  light- 
ing would  be  quite  unsatisfactory,  owing  to  the  diffi- 
culty that  would  be  experienced  in  seeing.  Light  and 
shade  would  play  a  less  important  part  in  vision  under 
these  circumstances  and  color  would  be  relied  upon  to 
a  greater  extent  in  distinguishing  objects.  A  sphere 
having  a  surface  of  uniform  reflecting  power  would 
appear  as  a  disk,  and  if  it  were  perfectly  reflecting  it 
would  be  quite  invisible  under  these  conditions.  Even 
when  the  reflection  coefficient  approaches  the  highest 
values  ordinarily  encountered,  any  object  would  be 
difficult  to  see  under  these  conditions  unless  it  pos- 
sessed deep  interstices.  Even  though  it  were  seen,  its 
exact  form  could  not  be  determined  with  certainty. 
While  no  such  extreme  condition  exists  ordinarily, 
some  lightings  are  bad  because  they  err  in  this  direc- 
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tion.  For  instance  a  sculpture  gallery  with  highly  re- 
flecting floor,  walls,  and  ceiling  is  quite  unsatisfactory. 
In  general  it  may  be  said  that  directed  light  is  neces- 
sary for  obtaining  satisfactory  effects,  although  the 
solid  angle  subtended  by  the  dominating  light  source 
and  the  brightness  of  the  surroundings  must  be  care- 
fully considered  if  the  best  results  are  to  be  obtained. 
Next  the  combined  effect  of  sunlight  and  skylight 
will  be  considered.  For  this  purpose  the  brightnesses 
of  a  horizontal  white  diffusing  surface  and  a  shadow 
upon  this  surface  were  determined.  The  light  from  a 
clear  blue  sky  does  not  vary  greatly  in  intensity  during 
a  considerable  portion  of  the  day.  However,  the  amount 
of  direct  light  from  the  sun  falling  upon  a  horizontal 
surface  varies  from  zero  at  sunrise  to  a  maximum  at 
noon  and  to  zero  at  sunset.  First  a  theoretical  analysis 
of  the  lighting  conditions  on  a  clear  day  will  be  con- 
sidered. For  the  purpose  of  discussion  the  illumina- 
tion upon  a  horizontal  surface  due  to  direct  sunlight 
at  noon  is  assumed  to  be  four  times  that  due  to  light 
from  the  sky,  and  for  simplicity  the  amount  of  light 
from  the  sky  is  assumed  to  be  constant  from  sunrise 
to  sunset.  The  illuminations  due  to  the  sun  and  sky 
respectively  under  the  assumed  conditions  are  shown 
in  Fig.  51,  curve  A  being  the  constant  illumination  due 
to  the  sky  and  curve  B  the  illumination  due  to  the  sun 
throughout  its  entire  range  of  altitudes,  which  is  rep- 
resented on  the  horizontal  scale.  Curve  C  represents 
the  combined  illumination  from  the  sun  and  sky.  The 
vertical  scale  for  curve  A,  B,  and  C  is  on  the  left  of 
the  figure.  The  broken  curve  D  represents  the  ratio 
of  the  combined  illumination  due  to  the  sun  and  sky 
to  that  due  to  the  sky  alone,  that  is,  it  represents  the 
ratio  of  the  brightness  of  the  test  surface  receiving 
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the  combined  light  from  the  sun  and  sky  to  the  bright- 
ness of  a  small  shadow  upon  the  surface  which  re- 
ceives only  skylight.  In  other  words,  it  is  obtained  by 
dividing  the  ordinates  of  curves  C  by  those  of  curve 
A  and  the  values  of  this  ratio  are  represented  on 
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Fig.  51  —  Theoretical  relations  of  the  luminous  intensities  of  sunlight  and 

skylight. 

the  vertical  scale  at  the  right.  Curve  E  is  the  recip- 
rocal of  curve  D;  that  is,  it  represents  the  ratio  of 
the  brightness  of  the  shadow  on  the  test  surface  to 
that  of  the  surrounding  portion  of  the  test  surface 
which  is  illuminated  by  light  from  both  the  sun  and 
the  sky.  Its  vertical  scale  is  on  the  left  of  the  figure. 
While  natural  conditions  will  not  be  found  to  be  so 
uniform  throughout  an  entire  day,  the  data  shown  in 
Fig.  51  are  interesting  and  useful  for  obtaining  an  idea 
of  the  natural  lighting  conditions  on  a  clear  day  and 
one  worthy  of  thorough  study.  It  should  be  noted, 


84      LIGHT  AND   SHADE  AND   THEIR  APPLICATIONS 

however,  that  the  effect  is  different  on  a  vertical  sur- 
face and  that  surfaces  in  Nature  are  oriented  in  all 
possible  directions.  The  general  principles  apply  to 
all  objects,  but  it  is  well  to  study  the  effects  of  surfaces 
differently  oriented.  The  results  for  a  surface  at  a 
given  position  can  be  readily  obtained  from  Fig.  51 


Fig.  52  —  Devices  for  determining  the  percentage  of  skylight  in 
the  total  light  reaching  a  horizontal  surface. 

by  shifting  curve  B  to  the  right  or  left  by  a  proper 
amount.  These  computations  assume  that  the  inten- 
sity of  direct  sunlight  is  constant  throughout  the  day, 
which  obviously  is  not  true. 

On  a  great  many  days  the  brightness  of  a  white 
diffusing  surface  and  of  a  small  shadow  upon  the  surface 
were  measured  by  means  of  a  photometer  and  the 
apparatus  shown  in  Fig.  52,  and  other  data  were  ob- 
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tained  from  the  roof  of  a  building  at  a  point  from 
which  the  entire  hemisphere  of  sky  was  visible.  (Sev- 
eral different  devices  were  used  at  different  times  in 
obtaining  these  data.)  A  white  test  surface,  T,  was 
maintained  hi  a  horizontal  position  and  a  small  black 
disk,  S,  was  placed  a  foot  or  more  above  it  as  shown 
in  a,  Fig.  52,  in  such  a  position  (which  was  altered 
from  time  to  time)  that  its  shadow  was  cast  upon  a 
portion  of  the  white  surface.  By  means  of  a  pho- 
tometer the  brightness  of  the  shadow  was  determined, 
which  in  reality  was  a  measure  of  the  intensity  of 
illumination  on  a  horizontal  surface  due  to  light  from 
the  sky  alone.  In  the  same  manner  the  brightness  of 
the  surrounding  horizontal  surface  affords  a  measure 
of  the  total  illumination  on  the  surface  due  to  light 
from  both  the  sun  and  the  sky.  The  ratio  of  the 
latter  brightness  to  that  of  the  shadow  is  of  chief 
interest,  although  from  these  data  it  is  easy  to  deter- 
mine in  each  case  the  percentage  of  the  total  light 
contributed  by  the  sun.  In  b,  Fig.  52,  the  shadow- 
producing  object,  S,  is  seen  suspended  over  the  test 
surface  of  a  portable  photometer.  In  c  are  shown 
diagrammatically  two  views  of  a  simple  apparatus  es- 
pecially devised  for  this  work.  Two  identical  test 
surfaces  of  ground  opal  glass,  T,  are  placed  as  shown. 
By  means  of  the  mirror,  M,  and  right-angle  prisms, 
P,  the  images  of  the  illuminated  test  surfaces  are 
reflected  so  that  they  can  be  compared  in  brightness 
simultaneously  by  means  of  a  Konig-Martens  polari- 
zation photometer.  No  other  measurements  emphasize 
the  extreme  variability  of  the  distribution  of  daylight 
as  much  as  these.  Representative  data  are  presented 
in  Fig.  53  for  four  characteristic  days.  The  measure- 
ments were  made  continually  from  9  a.m.  until  5  p.m. 
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Curve  A  represents  the  ratio  of  the  brightness  of  the 
surface  receiving  both  sunlight  and  skylight  to  the 
brightness  of  a  small  shadow  on  the  same  surface 
which  receives  only  skylight  on  a  very  clear  day.  The 
sky  was  a  deep  blue  and  no  definite  clouds  appeared 
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Fig.  53  —  Ratio  of  total  illumination  on  a  horizontal  surface  outdoors  to  that 
due  to  skylight  alone  on  various  days. 

in  the  sky  during  the  entire  period  of  eight  hours  — 
a  very  rare  condition,  especially  in  the  locality  where 
these  data  were  obtained.  It  will  be  noted  that  during 
midday  the  skylight  was  only  one-fifth  to  one-sixth  as 
intense  as  the  combined  intensity  of  sunlight  and  sky- 
light. In  other  words,  during  midday  the  sun  con- 
tributed about  four  or  five  times  the  amount  of  light 
that  the  sky  contributed  on  this  clear  day.  At  high 
altitudes  on  very  clear  days  it  has  been  found  that 
as  little  as  one-tenth  the  light  which  reaches  the 
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earth  comes  from  the  sky,  the  remaining  nine-tenths 
coming  directly  from  the  sun.  The  tendency  for  the 
ratio  to  increase  toward  noon  corroborates  the  con- 
clusions arrived  at  in  the  theoretical  treatment  of  the 
conditions  on  a  clear  day,  as  shown  in  curve  D,  Fig.  51. 
It  should  be  noted  that  these  observations  did  not  ex- 
tend from  sunrise  to  sunset  which  was  the  time  interval 
used  in  the  theoretical  discussion  in  Fig.  51.  Curve  B, 
Fig.  53  represents  data  obtained  on  a  day  during  the 
morning  of  which  a  few  large  cumulus  clouds  moved 
slowly  across  the  sky.  The  sunlight  reflected  from  these 
clouds  increased  the  relative  amount  of  diffused  light, 
or  light  from  the  sky,  with  the  result  that  the  ratio 
under  consideration  was  smaller  than  on  a  clear  day. 
About  1.30  p.m.  massive  clouds  obscured  the  sun,  so 
that  for  a  time  no  shadow  was  perceptible  upon  the 
test  surface  and  the  ratio  became  equal  to  unity. 
During  the  remainder  of  the  afternoon  the  moving 
clouds  caused  considerable  variation  in  the  ratio.  It 
should  be  noted  that  sunlit  cumulus  clouds  vary  in 
brightness  from  five  to  twenty-five  times  that  of  clear 
blue  sky.  Curve  C  represents  data  obtained  on  a 
thinly  overcast  day.  The  sun  was  plainly  visible,  but 
the  sky  was  overcast  with  a  thin  hazy  veil  and  there- 
fore was  brighter  than  a  blue  sky,  with  the  result  that 
the  relative  amount  of  skylight  increased  and  the  ratio 
under  consideration  was  much  smaller  than  on  a  clear 
day.  The  hazy  veil  grew  thicker  and  therefore  brighter 
as  the  day  progressed,  with  the  result  that  the  ratio 
gradually  decreased.  Curve  D  represents  data  ob- 
tained on  a  day  during  the  afternoon  of  which  the  sky 
was  quite  completely  overcast.  During  the  forenoon 
the  sky  was  covered  with  broken  clouds,  but  these 
became  welded  into  a  uniform  covering  about  noon, 


88      LIGHT  AND   SHADE  AND  THEIR  APPLICATIONS 

with  the  results  as  shown.  Thus,  results  obtained  on 
four  distinctly  different  types  of  days  are  shown  in 
Fig.  53,  and  the  data  give  some  idea  of  the  tremendous 
variations  in  the  distribution  of  natural  light  outdoors. 
Absolute  intensities  of  natural  light  have  not  been 
considered  in  the  foregoing,  because  they  are  of  minor 
interest.  Of  course  the  variations  of  the  absolute 
intensity  of  natural  light,  even  during  midday,  are  tre- 
mendous. These  variations  are  of  interest  from  the 
standpoint  of  interior  lighting,  but  are  not  of  sufficient 
importance  in  the  general  study  of  light  and  shade  to 
be  considered  except  casually  now  and  then. 

The  brightnesses  of  the  various  objects  that  com- 
prise a  scene  in  Nature  do  not  bear  the  same  relation 
to  each  other  under  all  conditions  of  natural  lighting. 
In  fact  an  altered  relation  is  in  general  apparent  with 
a  change  in  the  distribution  of  natural  light.  This 
means  that  the  relative  values  of  a  landscape,  or  of 
any  outdoor  scene,  are  continually  changing.  Adding 
to  this  the  continual  change  in  the  direction  of  the 
shadows  due  to  the  shifting  sun,  the  gradual  change  in 
Nature's  cloak,  and  the  varying  intensity  of  illumination, 
and  it  is  seen  that  Nature's  appearance  is  indeed  com- 
plex. Many  actual  observations  and  measurements 
could  be  recorded  here  to  advantage,  but  only  those 
will  be  presented  which  emphasize  the  chief  points  of 
interest  and  afford  data  helpful  to  those  interested  in 
light  and  shade. 

The  difference  in  the  appearance  of  a  landscape 
on  two  consecutive  days  will  be  shown  by  actual 
measurements  of  brightness.  The  daylight  conditions 
are  described  as  follows: 

August  10.   Observations  were  made  at  2  p.m.    The 
sky  was  practically  clear,  but  very  slightly  hazy;    that 
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is,  the  sky  was  pale  blue  in  color  and  brighter  than  a 
deep  blue  sky,  due  to  a  haziness  often  found  in  the 
month  of  August.  Thin  clouds  were  present  near  the 
horizon.  The  total  illumination  on  a  horizontal  surface 
due  to  the  sun  and  entire  sky  was  approximately  6400 
foot-candles.  The  objects  studied  were  not  all  illu- 
minated by  the  sun  and  entire  sky.  In  fact  some  were 
in  a  shadow  and  most  of  them  were  illuminated  by 
only  a  portion  of  the  sky,  as  will  be  indicated  later. 

August  11.  Observations  were  made  at  2  p.m. 
The  sky  was  entirely  overcast.  The  sun  was  just 
visible,  but  no  perceptible  shadow  was  cast  by  it. 
The  observations  were  made  on  the  same  objects  at 
the  same  time  of  the  day  as  on  the  previous  day,  all 
conditions  being  identical  excepting  the  distribution  of 
light.  The  illumination  upon  a  horizontal  surface  (in 
this  case  the  sun  was  obscured  by  the  uniform  canopy 
of  clouds)  was  approximately  2350  foot-candles. 

The  chief  objects  in  the  landscape  are  enumerated 
and  described  in  Table  VII  in  order  to  simplify  Table 
VIII,  in  which  the  brightnesses  are  given  as  obtained 
on  the  two  consecutive  days,  which  would  be  desig- 
nated respectively  clear  and  overcast  days.  Unless 
otherwise  noted,  the  objects  described  in  Table  VII 
received  light  directly  from  the  sun  on  the  clear  day. 
The  brightnesses  are  not  given  in  absolute  values  but, 
for  the  purpose  of  comparison,  the  relative  values  have 
been  computed  in  each  case,  the  brightness  of  the 
horizontal  white  diffusing  surface  being  assumed  equal 
to  100.  For  a  discussion  of  the  measurement  of  bright- 
ness, the  reader  is  referred  to  the  latter  part  of  Chap- 
ter V.  In  Table  VIII  the  approximate  portion  of  the 
sky  illuminating  each  object  is  recorded  and  whether 
or  not  the  sun  contributed  any  direct  light.  Obviously, 
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on  the  overcast  day  the  sun  plays  no  direct  part  in  the 
lighting.  The  brightnesses  can  be  expressed  in  terms 
of  any  other  unit  by  transforming  the  relative  values 
by  the  aid  of  the  data  presented  in  Table  V  at  the 
end  of  Chapter  V.  No  discussion  of  the  data  pre- 
sented in  Table  VIII  appears  to  be  necessary.  It  is 
seen  that  quite  different  relative  values  must  be  given 
to  reproductions  of  the  same  landscape  on  the  two 
consecutive  days  during  which  two  distinctly  different 
distributions  of  natural  light  prevailed.  The  measure- 
ments were  made  as  rapidly  as  possible  in  order  to 
eliminate  any  large  errors  due  to  possible  changes  in 


TABLE  VII 

Objects  whose  Brightnesses  were  measured  on  a  Sunny  Day  and  an  Overcast 
Day  respectively.     The  Brightnesses  are  presented  in  Table  VIII 


Number 


Surface 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 


Horizontal  white  diffusing  surface  (reflection  coefficient  =  0.863) 

Shadow  on  foregoing  surface 

Pavement  near  building 

Green  grass 

Green  grass  in  shadow  on  the  sunny  day 

Plowed  ground 

Green  foliage  of  dense  woods 

Gravel  roof 

Gravel  roof  in  shadow  on  the  sunny  day 

Red  brick  wall  of  building 

Red  brick  wall  in  shadow  on  the  sunny  day 

Vertical  light  gray  door  in  shadow  on  the  sunny  day 

Dark  weather-stained  metal  roof 

Same  at  specular  angle  of  reflection  on  sunny  day 

Thin  hazy  clouds  near  the  east  horizon 

Thin  hazy  clouds  near  the  west  horizon 

Hazy  blue  sky  in  the  north 

Overcast  sky  in  the  east  near  the  horizon 

Overcast  sky  in  the  east  at  45  deg.  altitude 

Overcast  sky  in  the  west  near  the  horizon 

Overcast  sky  in  the  west  at  45  deg.  altitude 
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the  intensity  of  illumination.  The  data  for  these  two 
days  were  selected  from  a  mass  of  data  owing  to  the 
constancy  of  the  lighting  conditions  during  the  periods 
of  observation.  It  is  recommended  that  the  reader 
carefully  study  Tables  VII  and  VIII. 


TABLE  VIII 

Brightnesses  of  Objects  described  in  Table  VII  on  a  Sunny  Day  and  an 
Overcast  Day  respectively 


Surface 

Illuminant 

Relative 
Brightness 

Illuminant 

Relative 
Brightness 

1 

2 

Sun  and  entire  sky  .  . 
Entire  sky  ' 

100. 
38. 

Entire  sky  
Entire  sky 

100. 
100. 

3 

4 
5 

Sun  and  0.5  sky  .... 
Sun  and  0.8  sky  
0.5  sky 

20. 
7.5 
1.7 

0.5  sky  
0.8  sky  
0.5  sky  .  .  . 

11. 

7.6 
5. 

6 

Sun  and  entire  sky 

15. 

Entire  sky 

15. 

7 
8 
9 
10 

Sun  and  0.9  sky  .... 
Sun  and  0.7  sky  .... 
0.7  sky.  
Sun  and  0  3  sky 

3. 
15. 
2. 
8.5 

0.9  sky  
0.7  sky  
0.7  sky  
0.3  sky 

4. 
11. 
8. 
3.4 

11 

0.5  sky 

1.3 

0.5  sky  

5.2 

12 
13 

0.5  sky  
Sun  and  entire  sky 

3.2 
6 

0.5  sky  
Entire  sky 

12.8 
6. 

14 
15 

Sun  and  entire  sky  .  . 

12.7 
29. 

Entire  sky  

5.7 

16 
17 
18 

83. 

18. 

40. 

19 
20 
21 



122. 
29. 
103. 

In  order  to  illustrate  the  effect  of  the  two  foregoing 
types  of  natural  lighting  upon  the  appearance  of  an 
object,  a  plaster  capital  was  photographed  on  the  two 
days,  namely  the  clear  day  and  the  overcast  day,  and 
reproduced  in  Fig.  89.  The  unsatisfactoriness  of  the 
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highly  diffused  lighting  from  an  overcast  sky  and  the 
necessity  for  directed  light  if  satisfactory  modeling  is 
to  be  obtained  are  exemplified  in  these  illustrations. 
It  should  be  noted  that,  inasmuch  as  the  capital  was 
photographed  in  a  vertical  position,  the  recesses  re- 
ceived light  from  only  a  small  portion  of  the  sky,  while 
the  projecting  portions  received  light  from  a  much 
larger  portion  of  the  sky.  This  would  tend  toward  the 
results  obtained  by  means  of  directed  light.  In  fact 
all  lighting,  with  the  exception  of  perfectly  diffused 
lighting,  is  more  or  less  directed;  that  is,  there  is  a 
dominant  direction  from  which  the  light  comes.  The 
effect  of  directed  light  not  only  involves  the  direction 
from  which  the  dominant  light  comes,  but  also  the 
solid  angle  subtended  by  the  dominating  source  of 
light  and  the  amount  of  diffused  light  reaching  the 
object  from  other  directions. 

Inasmuch  as  the  sky  is  usually  a  prominent  fea- 
ture in  any  study  of  Nature,  a  few  facts  regarding  it 
may  be  of  interest.  Excepting  altitudes  near  that  of 
the  sun,  a  clear  blue  sky  is  usually  considerably  brighter 
at  the  lower  altitudes  —  near  the  horizon  —  than  at 
the  zenith,  due  largely  to  the  haziness  noticeable  at 
the  lower  altitudes.  This  is  perhaps  always  true,  except- 
ing when  dense  clouds,  which  are  not  recognized  as 
clouds,  are  gathering  near  the  horizon.  A  clear  blue 
sky  is  darker  than  an  overcast  sky  excepting  in  the 
extreme  cases  of  the  latter.  A  slight  haze  or  thin  veil 
of  clouds  increases  the  brightness  of  the  sky  very 
much  and  therefore  increases  the  amount  of  light 
which  illuminates  many  shadows.  The  color  of  the 
sky  when  clear  is  more  saturated  than  under  any  other 
condition,  varying  from  this  deep  blue  to  the  neutral 
gray  of  an  overcast  sky.  The  extreme  non-uniformity 
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of  the  brightness  of  clear  blue  or  overcast  skies  is 
only  revealed  by  measurement.  Often  a  sky  which 
appears  quite  uniform  will  vary  in  brightness  at  differ- 
ent points  by  several  hundred  per  cent.  A  clear  sky 
is  usually  brightest  at  those  altitudes  near  the  sun, 
which  becomes  more  marked  on  hazy  days  when  the 
atmosphere  con- 
tains more  reflect- 
ing particles.  This 
is  illustrated  by 
means  of  Fig.  54, 
the  data  shown 
having  been  ob- 
tained on  a  clear 
day  when  the  sky 
was  very  slightly 


hazy.  The  letters 
on  the  four  curves 
stand  for  east, 
west,  north,  and 
south  respectively. 


\ 


\ 


of  the  sky  on 


The  brightness  of   «*  54  ~  Variation  * 
portions   of   the 

sky,  about  20  degrees  above  the  horizon  and  approxi- 
mately at  the  four  points  of  the  compass,  were  measured 
during  a  day  in  August  from  9  a.m.  to  5  p.m.  at  a  point 
near  40  degrees  north  latitude.  No  definite  clouds 
were  visible  during  the  period  of  observation.  It  will 
be  noted  that  the  brightness  of  the  sky  was  greatest  in 
the  east  in  the  morning  and  greatest  in  the  west  dur- 
ing the  afternoon.  On  a  perfectly  clear  day  when  the 
sky  was  a  deep  blue,  the  variations  of  sky  brightness 
were  not  so  great.  The  recognized  constancy  of  north 
skylight  is  also  shown  in  this  illustration.  These  facts 
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are  not  of  prime  importance  in  the  study  of  light  and 
shade,  but  do  play  minor  parts  at  least. 

Another  interesting  viewpoint  from  which  to  study 
Nature  is  the  relation  of  the  distribution  of  natural 
light  to  vision.  It  is  certain  that  in  natural  outdoor 
lighting  some  of  the  most  pleasing  distributions  of 
light  are  found.  The  human  eye  by  adaptation  has 
become  accustomed  throughout  the  ages  to  these  light- 
ing conditions,  which  no  doubt  have  played  an  important 
part  in  the  evolution  of  vision.  Owing  to  the  lack  of  a 
simple  method  for  testing  the  influence  of  lighting  con- 
ditions on  vision,  at  present  one  must  depend  largely 
upon  the  general  impression  gained  through  the  visual 
sense.  The  general  acceptance  of  natural  lighting  as 
the  ideal  or  standard  in  comparing  artificial  lighting 
systems  makes  it  necessary  to  study  the  outdoor  light- 
ing conditions.  The  purely  indirect  system  simulates 
the  lighting  due  to  the  sky;  direct  lighting  gives  the 
defined  shadows  due  to  the  sun;  and  combinations  of 
these  two  systems  imitate  more  or  less  closely  the  com- 
binations of  directed  and  diffused  light  which  are  the 
usual  conditions  outdoors.  It  has  been  seen  in  this 
chapter  that  natural  lighting  is  extremely  variable,  and 
in  order  to  imitate  natural  lighting  by  artificial  means  it 
becomes  necessary  to  choose  a  definite  natural  condi- 
tion as  an  ideal.  No  single  study  of  the  distribution  of 
light  outdoors  is  expected  to  be  an  exhaustive  analysis 
of  this  very  extensive  problem,  but  the  author  has 
indulged  in  various  studies  of  natural  lighting  condi- 
tions outdoors  and  indoors  in  comparison  with  artifi- 
cial lighting,  the  results  of  which  have  been  useful  to 
him.  Information  gained  from  these  studies  is  incor- 
porated here  and  there  throughout  this  book. 

It  appears  of  sufficient  interest  here  to  record  some 
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of  the  results  of  a  study  of  the  distribution  of  brightness 
in  Nature,  although  the  study  up  to  the  present  time  is 
by  no  means  complete.  In  fact  little  more  has  been 
done  than  to  develop  a  method  and  to  determine  fields 
for  profitable  study.  Since  the  work,  about  to  be  dis- 
cussed, was  done  several  years  ago  by  H.  E.  Ives 
and  the  author,  many  other  observations  have  been 
made  which  in  general  support  the  conclusions  arrived 
at  previously.  The  study  was  first  confined  to  the 
distribution  of  brightness  in  certain  cases  of  natural 
outdoor  illumination.  The  study  of  this  factor  was 
chosen  for  several  reasons,  the  chief  one  being  that  it 
would  yield  results  of  greater  interest  and  usefulness 
than  the  analysis  of  any  other  single  factor.  It  should 
be  borne  in  mind  that  the  chief  incentive  for  making 
this  study  was  to  obtain  information  if  possible  which 
would  aid  the  lighting  expert  in  specifying  comfortable 
and  pleasing  distributions  of  brightness  in  interiors. 

A  photographic  method  of  photometry  was  chosen 
because  of  the  rapidity  with  which  the  work  could  be 
done;  thus  the  brightnesses  could  be  recorded  before 
Nature  changed  her  mood  and  the  photographic  nega- 
tives could  be  analyzed  at  leisure.  In  order  to  use 
the  photographic  plate  in  photometry  its  sensitivity  to 
light  of  different  colors  must  be  like  that  of  the  eye. 
This  is  not  true  of  any  commercial  plate,  and  therefore 
a  filter  was  made  whose  spectral  transmission  was 
such  as  to  compensate  correctly  the  spectral  sensitivity 
of  the  plate,  so  that  the  plate  recorded  true  values  of 
light  and  shade.  Ordinary  photographic  plates  are  not 
sensitive  appreciably  to  yellow,  orange,  and  red  rays. 
(See  Fig.  102.)  Panchromatic  plates  are  sensitive  to 
all  visible  light-waves,  but  not  in  the  same  relative 
proportions  as  the  eye.  One  of  the  latter  plates  was 
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chosen  for  use  and  a  filter  was  made  with  great  care. 
The  spectral  sensibility  of  this  plate,  of  the  eye,  and 
of  the  plate  when  the  filter  was  used  (circles)  are  shown 
in  Fig.  103.  For  details  of  the  foregoing  procedure  the 
reader  is  referred  to  the  original  article.1 

Of  course  the  detailed  distribution  of  brightness 
would  be  of  extreme  interest,  but  could  hardly  be 
comprehensive  in  the  present  primitive  state  of  the 
knowledge  of  what  constitutes  satisfactory  lighting  for 
comfortable  vision.  If  there  had  been  any  extremely 
high  brightnesses  in  the  field  of  vision,  detailed  bright- 
nesses would  have  been  highly  important,  but  this  was 
not  the  case.  Although  such  data  were  obtained,  it 
appeared  that  the  average  brightness  in  horizontal 
lines  would  be  more  readily  comprehended  at  present. 
The  apparatus  used  was  an  ordinary  camera  arranged 
to  revolve  on  a  horizontal  axis,  as  shown  in  Fig.  55. 
The  normal  visual  field  extends  between  70  degrees 
below  the  horizontal  and  50  degrees  above.  A  pano- 
ramic camera  would  have  been  ideal  for  the  purpose, 
but  none  was  at  hand,  so  it  was  necessary  to  make  six 
exposures  on  as  many  plates,  with  the  camera  at  various 
angles  in  order  to  include  the  entire  vertical  visual 
field  with  sufficient  overlapping  of  images.  The  hori- 
zontal field  recorded  on  the  photographic  plates  was 
considered  sufficiently  extensive  to  obtain  the  desired 
information.  In  order  to  obtain  the  average  horizontal 
brightness,  a  cylindrical  bottle  filled  with  a  solution  of 
chloral  hydrate  and  glycerine,  which  served  as  a  vertical 
cylindrical  lens,  was  placed  a  few  inches  in  front  of 
the  camera  lens.  This  lens  had  the  effect  of  throwing 
everything  out  of  focus  horizontally,  leaving  the  verti- 
cal definition  practically  unaffected.  On  each  plate 

1  Trans.  I.  E.  S.,  1912,  p.  90. 
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two  exposures  were  made,  one  without  the  averaging 
device  and  the  other  with  it.  The  two  exposures  were 
recorded  and  preserved  on  different  portions  of  the 
plate  by  using  the  two  slides  possessing  different  dia- 
phragms. The  one  with  the  narrow  slot  was  used  for 


Fig.  55  —  Apparatus  for  studying  the  distribution  of 
brightness  in  Nature. 

the  *  averaging'  exposure  and  the  one  with  the  com- 
plementary opening  for  the  'unaveraged'  picture. 
The  opaque  portion  of  the  latter  diaphragm  was  wider 
than  the  opening  in  the  former,  so  as  to  leave  an  unex- 
posed  space  on  the  plate  (a  fog  strip)  against  which 
the  densities  of  the  averaged  strip  could  be  measured. 
The  relation  of  the  density  of  the  silver  deposit  to  the 
brightness  recorded  and  other  necessary  data  for  inter- 
preting the  results  were  obtained  before  proceeding 
with  the  investigation  of  the  problem  in  mind.  The 
procedure  will  be  readily  understood  on  referring  to 
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Fig.  56,  in  which  reproductions  of  two  complete  sets  of 
photographs  are  presented.  These  photographs  illus- 
trate the  scenes  whose  brightness  analyses  are  shown 
respectively  in  a  and  h,  Figs.  57  and  58.  In  the  original 
article  the  photographs  of  a  number  of  scenes  studied 
have  been  reproduced,  but  they  will  be  only  described 
below.  The  shaded  area  in  Figs.  57  and  58  represent 
the  relative  averaged  brightnesses  at  different  altitudes 
above  and  below  the  horizon. 

(a)  This  was  a  scene  in  a  park  (a,  Fig.  56),  where 
the   trees   practically  obscured   the   zenith   sky,  but   a 
patch  of  sky  was  visible  between  15  and  30  degrees 
above  the  horizontal.    It  was  late  afternoon  on  a  clear 
day  and  the  sun  was  at  the  side  and  to  the  rear  of  the 
observer.     The  brightness  distribution  was  very  pleas- 
ing. 

(b)  This  was  a  typical  residence  street  scene  which 
was  not  considered  pleasant  under  the  strong  sun  of  a 
clear  August  day,  yet  the  presence  of  trees  and  shade 
made  it  endurable.    The  picture  was  taken  in  the  morn- 
ing of  a  sunny  day  with  a  rather  hazy  sky.     The  sun 
was  behind  the  observer.    The  chief  characteristics  are 
the  dark  point  in  the  horizontal  direction  and  the  high 
brightness  of  the   sky  compared  with  the  foreground, 
although  the   brightness   of   the  foreground  was   great 
enough  to  be  partly  responsible  for  the  unpleasantness 
of  the  scene. 

(c)  The   scene  was  in  a  wooded  spot  late  in  the 
afternoon.     The  sun  was  shining  clearly  through  the 
trees  on  the  right  and  the  considerable  area  of  visible 
sky  was  dull  and  cloudy.    The  spot  was  a  pleasant  one, 
such  as  might  be  chosen  for  a  picnic.    The  most  con- 
spicuous feature  was  the  much  greater  brightness  of 
the  sky  than  the  green  foreground. 
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Fig.  56  —  Specimens  of  photographic  data  obtained  with  the  foregoing 

apparatus. 
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(d)  The  scene  was  similar  to  c  (in  fact  was  adjacent 
to  it),  but  the   observations  were  made   later  on   the 
same  afternoon  after  the  foreground  had  passed  largely 
into  the  shadow  of  the  surrounding  trees.     With  the  deep 
blue   and   gray  of   the    sky   flecked   with  small  bright 
clouds,  the  scene  was  altogether  a  pleasing  and  rest- 
ful one.    There  is  here  an  even  greater  predominance 
of  brightness  in  sky  compared  with  the  foreground. 

(e)  The  scene  was  a  landscape  with  a  low  hill  in 
the    middle   distance,    numerous    trees,   and    a    broad 
expanse  of  sky.     High  green  grass  and  dead  leaves 
form  the  foreground.     The  sky  was  clear  blue,  with  a 
few  bright  clouds,  and  the  sun  was  behind  the  observer. 
The  brightest  spot  was  a  small  white  object  illuminated 
by  the  sun,  and  this  appeared  in  the  analysis  somewhat 
below  the  horizontal.     The  two  darkest  spots  were  in 
the  grass  near  the  observer  and  hi  the  trees  near  the 
center  of  the  picture.     The  sky  presented  the  portion 
of  most  uniform  brightness   and  the   total  brightness 
above  the  horizontal  was  somewhat  more  than  below. 
Excepting  the  one  bright  spot  in  the  foreground,  the 
sky  for  some  distance  above  the  horizon  was  the  bright- 
est  spot  in  the  field   of  view  and  toward  the  zenith 
the  sky  decreased  in  brightness.     Under  these  condi- 
tions the  effect  was  pleasing.     The   same  scene  was 
analyzed  under  different  conditions  as  shown  in  /. 

(/)  The  scene  was  the  same  as  described  in  e,  but 
this  analysis  was  obtained  for  an  overcast  day.  The 
difference  is  quite  noticeable.  From  being  only  a  little 
brighter  as  a  whole  than  the  foreground,  the  sky  is 
now  about  four  times  as  bright,  and  much  more  of  the 
total  flux  of  light  entering  the  eye  comes  from  it  than 
before.  This,  together  with  the  shadowless  condition, 
makes  the  view  on  the  overcast  day  unpleasant. 
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(g)  This  scene  was  a  glaring  street  and  was  decid- 
edly unpleasant.  The  observations  were  made  on  a 
fairly  clear  day,  early  in  the  afternoon,  with  the  sun 
screened  from  the  observer  by  a  building  behind  him. 
The  amounts  of  light  flux  entering  the  eye  were  about 
equal  from  above  and  from  below  the  horizontal,  with 
the  brightest  spot  in  the  foreground  (the  sunlit  pave- 
ment) and  the  darkest  spot  in  the  horizontal  direction 
(a  plot  of  grass  and  dark  buildings).  The  point  of 
interest  about  this  scene  is  that  when  the  observer 
stepped  back  into  a  recessed  doorway  so  that  the 
immediate  foreground  and  the  upper  portion  of  the  sky 
were  replaced  by  comparatively  dark  shadows,  the  im- 
pression became  relatively  quite  pleasant.  This  latter 
brightness  distribution  is  shown  inclosed  by  the  dashed 
lines  in  g. 

(h)  This  was  the  most  unpleasant  condition  studied. 
The  scene  was  a  glaring  paved  street  in  full  noon  sun- 
light on  a  clear  day  with  blue  sky.  This  photograph, 
which  is  reproduced  in  h,  Fig.  56,  was  taken  to  illus- 
trate intense  glare  from  the  bright  pavement.  Here 
the  flux  of  light  from  below  the  horizontal  is  greater 
by  several  tunes  than  that  from  above  and  the  bright- 
est portion  of  the  scene  is  in  the  foreground. 

As  already  stated,  not  many  generalizations  are 
warranted  before  a  more  exhaustive  study  is  made,  but 
some  facts  seem  to  be  definite.  One  is  that  the  eye 
will  tolerate  a  greater  brightness  and  flux  of  light  above 
the  horizontal  than  below.  Thus  the  four  pleasant 
cases,  a,  c,  d,  and  e,  all  show  this  feature,  while  the 
street  scenes  g  and  h,  with  their  glaring  conditions,  show 
high  brightnesses  and  a  relatively  great  flux  of  light 
from  below  the  horizontal.  On  the  other  hand,  the 
case  of  the  overcast  sky  shows  that  the  eye  dislikes 
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too  much  brightness  above  the  horizontal.  In  fact  a 
feature  in  each  unpleasant  case  appears  to  be  the 
presence  of  large  areas  of  approximately  uniform 
brightness.  The  eye  can  tolerate  such  a  condition  in 
the  case  of  the  sky,  as  shown  by  a,  c,  d,  and  e,  but  it 
cannot  tolerate  uniform  high  brightness  in  the  fore- 
ground. In  the  case  of  the  overcast  sky,  /,  the  ex- 
tended bright  area  of  the  sky  does  not  appear  to  be 
pleasant  in  apparent  contradiction  to  the  foregoing 
statement.  The  explanation  seems  to  be  in  the  fact 
that  hi  the  sky,  c,  dy  and  e,  there  is  considerable 
variety  of  light  and  shade  due  to  foliage  and  clouds. 
In  making  these  observations  an  effort  was  made 
to  secure  typical  outdoor  scenes  of  a  well-marked 
pleasant  or  unpleasant  character  as  judged  by  two 
persons.  What  constitutes  pleasant  and  unpleasant  con- 
ditions is  of  course  largely  a  matter  of  personal  opin- 
ion, and  it  is  only  personal  judgment  that  is  presented 
here.  The  aim,  however,  was  to  select  scenes  of  such 
well-marked  character  that  there  was  little  room  for 
difference  of  opinion.  The  scenes  analyzed  above  in- 
clude two  pleasant  landscapes  (c  and  d)y  two  views 
of  the  same  landscape  under  different  conditions  (e 
and  /,  respectively  pleasant  and  unpleasant),  a  shady 
place  in  a  park  (a,  pleasant),  a  city  street  (b,  unpleas- 
ant), and  two  street  views  (g  and  h)  of  markedly  un- 
pleasant character.  In  search  of  these  scenes  a  great 
deal  was  learned  —  perhaps  as  much  as  from  the  pic- 
tures themselves.  The  most  striking  fact  —  impressed 
upon  the  two  observers  after  many  miles  of  tramping 
in  parks,  suburbs,  and  country  —  is  that  Nature  is  far 
from  uniformly  pleasant  to  gaze  upon.  In  fact  it  ap- 
peared that  the  chief  difference  between  good  and  bad 
in  a  landscape  consists  very  largely  in  one  thing,  namely, 
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the  presence  or  absence  of  long  shadows.  The  same 
scene  observed  at  midday  with  the  sun  overhead  and 
then  pronounced  unpleasant  or  even  glaring  and  ugly, 
will  in  early  morning  or  late  afternoon  be  endurable  or 
even  charming.  Similarly,  on  overcast  days,  without  the 
directed  shadows  due  to  a  bright  sun,  an  attractive 
landscape  becomes  dull  and  characterless.  Compared 
with  the  sky  as  a  standard,  the  average  brightness  of 
the  foreground  is  at  one  extreme  with  midday  sun,  at 
the  other  with  the  overcast  sky.  Neither  pleases,  and 
from  the  observations  as  illustrated  in  Figs.  57  and  58 
it  seems  probable  that  a  mere  mean  of  the  two  condi- 
tions would  introduce  the  attractive  characteristics 
given  by  a  variety  of  light  and  shade  under  oblique 
sunlight.  This  observation  has  an  immediate  bearing 
on  artificial  illumination,  for  hi  nearly  every  case  arti- 
ficial light,  whether  direct  or  indirect,  comes  from 
overhead,  the  very  condition  under  which  Nature  is 
least  pleasing.  Lighting  by  table  lamps  or  wall  brack- 
ets —  in  either  case  out  of  the  observer's  line  of  vision 
—  would  therefore  appear  to  conform  more  nearly  to 
pleasant  natural  conditions.  This  matter  is  dwelt 
upon  because,  while  one  of  the  most  important  factors, 
it  might  yet  escape  the  photographic  averaging  method. 
As  already  noted  in  the  discussion  of  long  shadows,  the 
difference  between  pleasant  and  unpleasant  light  and 
shade  conditions  seems  to  be  chiefly  in  the  presence  or 
absence  of  variety.  In  the  best  landscapes  studied,  the 
ideal  condition  seems  to  be  a  preponderance  of 
brightness  in  the  sky,  with  the  foreground  showing 
varieties  of  light  and  shade,  occasioned  by  the  direct 
light  from  the  sun  falling  rather  obliquely.  The  diffused 
light  of  the  sky  alone  is  apparently  not  intense  enough 
or  not  properly  directed  to  be  of  itself  satisfactory  for 
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illuminating  the  foreground  in  the  presence  of  an  un- 
broken area  of  bright  sky.  The  experiment  of  observ- 
ing the  scene  described  and  shown  in  g  from  within 
the  shelter  of  a  doorway  illustrates  some  of  the  con- 
clusions just  drawn,  for  the  area  of  uniformly  bright 
pavement  surface  is  thereby  decreased  and  a  pleasing 
variety  of  light  and  shade  is  introduced. 


CHAPTER  VIII 
LIGHT  AND   SHADE  IN  SCULPTURE 

The  relation  of  light  and  shade  to  sculpture  1  is 
extremely  intimate,  because  sculpture  is  almost  wholly 
a  pure  art  of  light  and  shade.  It  has  already  been 
shown  that  distribution  of  light  greatly  influences  the 
appearance  of  objects,  and  inasmuch  as  we  are  con- 
cerned in  sculptured  art,  both  with  the  evolution  of  the 
sculptured  piece  in  the  studio  and  with  the  appearance 
of  the  finished  work  amid  another  environment,  light- 
ing is  doubly  of  importance.  It  is  not  generally  enough 
recognized  that  sculpture  is  not  the  mere  cutting  of 
form  in  a  given  medium,  but  in  reality  is  an  attempt  to 
fix  an  expression  of  light.  The  sculptor  sinks  hollows 
and  raises  ridges  not  merely  to  attain  these  simple 
objects,  but  to  lead  lines  of  light  and  shade  at  will,  the 
lighting  in  the  meantime  doing  the  modeling. 

The  sculptor  paints  with  his  chisel,  many  of  the 
touches  not  being  given  to  realize  a  true  form  but  to 
produce  expression  and  apparent  form  with  the  assist- 
ance of  his  chosen  light  distribution.  His  touches  are 
of  light  and  shade.  For  example,  eyes  are  not  rep- 
resented in  perfectly  reproduced  form;  instead  the 
expression  of  the  pupils  is  obtained  by  an  actual  inden- 
tation. Ruskin  says: 

"  In  a  coarse  way,  this  kind  of  execution  is  very  marked  in  old 
French  woodwork,  the  irises  of  the  eyes  of  the  chimeric  monsters 

1  M.  Luckiesh,  Lighting  Jour.,  Mar.  1913;  International  Studio,  April  1914; 
Proc.  Amer.  Gas  Inst.  1913,  8,  part  1,  p.  783;  Gen.  Elec.  Rev.,  1914,  p.  325. 
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being  cut  boldly  into  holes,  which,  variously  placed  and  always  dark, 
give  all  kinds  of  strange  and  startling  expressions,  averted  and 
askance,  to  the  fantastic  countenances.  Perhaps  the  highest  ex- 
amples of  this  kind  of  sculpture-painting  are  the  works  of  Mino 
da  Fiesole,  their  best  effects  being  reached  by  strange  angular, 
and  seemingly  rude,  touches  of  the  chisel.  The  lips  of  one  of  the 
children  on  the  tombs  in  the  church  of  the  Badia  appear  only  half 
finished  when  they  are  seen  close;  yet  the  expression  is  farther 
carried,  and  more  ineffable,  than  in  any  piece  of  marble  I  have 
ever  seen,  especially  considering  its  delicacy  and  the  softness  of 
the  child  features.  I  know  of  no  example  of  work  hi  which  the  forms 
are  absolutely  true  and  complete  where  such  a  result  is  attained. 
In  Greek  sculptures  it  is  not  even  attempted." 

The  truth  of  the  foregoing  expression  of  a  close 
observer  and  student  of  art  may  be  daily  corroborated 
by  close  observation  of  sculptured  objects;  yet,  as 
already  stated,  few  realize  that  the  aim  of  the  sculptor 
is  not  to  reproduce  true  form  but  to  produce  the  ap- 
pearance of  true  form  and  proper  expression  with  the 
aid  of  lighting  —  the  master  sculptor. 

Further,  it  is  obvious  that  it  is  of  little  avail  for  the 
modeler  to  complete  his  work  elaborately  unless  its 
impression  can  be  properly  conveyed  to  the  spectator. 
Strictly,  vision  is  the  only  sense  primarily  concerned 
and,  as  is  evident,  the  lighting  effects  in  light  and 
shade  are  the  means  by  which  the  sculptor  produces 
the  impression  of  true  forms  and  their  expressions. 
Therefore  the  sculptor  should  carefully  consider  the 
lighting  of  his  completed  work.  If  it  be  an  independent 
production  for  a  gallery,  it  can  be  moved  to  the  best 
available  position  and  the  lighting  can  be  properly 
arranged.  Such  a  plan  would  be  ideal  providing  noth- 
ing prevents  carrying  it  out.  However,  experience 
shows  that  it  is  seldom  possible  to  light  the  work  in 
the  manner  it  was  lighted  while  being  modeled,  even 
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though  the  sculptor  were  available  to  superintend  the 
lighting,  which  is  seldom  the  case.  This  illustrates 
the  desirability  of  a  general  knowledge  of  the  science 
of  light  and  shade  on  the  part  of  the  museum  director, 
the  sculptor,  and  others  interested  in  such  work.  If  a 
given  work  is  a  decorative  or  monumental  piece  de- 
signed for  a  predetermined  position,  the  modeler  should 
bear  in  mind  the  final  environment  during  the  evolu- 
tion of  the  work.  There  can  be  no  excuse  for  not 
lighting  the  work  during  the  molding  process  in  quite 
the  same  manner  that  the  completed  work  is  to  be 
lighted  unless  this  is  impossible.  If  the  piece  is  des- 
tined for  the  outdoors,  obviously  it  should  be  modeled 
outdoors  or  under  conditions  quite  similar.  In  this 
case  the  sculptor  should  be  familiar  with  such  data  as 
presented  in  Chapter  VII  and  be  prepared  to  forestall 
the  obliterating  effect  of  lighting  on  overcast  days  or 
the  harshness  arising  from  the  highly  directed  lighting 
on  clear  days. 

In  arranging  the  distribution  of  light  for  beginning 
a  piece  of  work,  the  sculptor  should  bear  in  mind  the 
three  chief  factors  which  affect  the  light  and  shade  of 
three-dimensional  objects.  First,  the  position  of  the 
primary  or  chief  light  source  determines  the  direction 
of  the  cast  shadows.  The  dominating  light  source  may 
be  the  sun,  the  sky,  a  diffusing  skylight,  or  an  artificial 
light  source.  Second,  the  solid  angle  subtended  by 
the  primary  light  source  at  the  object  determines  the 
character  of  the  edges  of  the  shadows  and  cast  shadows. 
If  the  primary  source  be  the  sun  or  an  ordinary  bare 
artificial  source,  the  edges  of  the  shadows  will  be 
sharp,  which  gives  a  boldness  or  severeness  to  the  ap- 
pearance of  the  objects.  If  the  chief  source  of  light 
be  a  large  patch  of  sky,  a  diffusing  skylight,  or  an 
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illuminated  ceiling   subtending  a  large   solid  angle   at 
the  work,  the  edges  of  the  shadows  will  be  less  sharp; 
that  is,  there  will  be  a  gradual  modulation  from  light 
to  deep  shadow  which  gives  a  softness  to  the  appear- 
ance of  the  objects.     Third,  the  brightness  of  the  sur- 
roundings (the  ceiling,  walls,  and  floor  if  the  work  is 
being  done  indoors)  determines  the  brightness  of  the 
shadows.    For  instance,  if  the  surroundings  be  of  high 
reflecting  power  the  amount  of  light  which  is  diffusely 
reflected  will  be  large,  with  the  result  that  the  shadows 
will  be  brightened  by  the  scattered  light  which  illumi- 
nates them.     Considerable  light  finds  its  way  into  the 
shadows  by  reflection   from  the  adjacent   portions  of 
the  object  which  are  highly  illuminated.     The  brighter 
the  shadows,  the  less  bold  is  the  effect  produced.    The 
relatively  greater  amount  of  light  in  the  shadows  assists 
in  making  daylight  more  popular  than  ordinary  artifi- 
cial light,  notwithstanding  that  the  light  outdoors  on  a 
clear  day  is  highly  directed,  owing  to  the  powerful  sun 
which  is  practically  a  point  source.    The  control  of  the 
three  foregoing  factors  is  not  equally  easy  in  each  case. 
It  is  usually  a  simple  matter   to   control  the   general 
direction  of  the  cast  shadows  by  shifting  the  position 
of  the  primary  light  source  and  by  properly  orienting 
the  work.     The   angular  extent  of    the  primary    light 
source  at  the  work  can  be  controlled  in  all  cases  ex- 
cepting that  of  the  sun.    If  a  patch  of  sky  or  a  diffus- 
ing skylight  be  used  for  the  primary  light  source,  the 
solid  angle  subtended  at  the  work  can  be  varied  by 
varying  the  effective  area  of  the  opening  or  by  moving 
the  work  nearer  the  opening  or  farther  from  it.     Here 
it  is  well  to  note,  as  shown  in  Fig.  108,  that  the  same 
shadow-producing  effect  results  from  a  small  area  of 
diffusing  skylight  close  to  the  object  as  from  a  larger 


LIGHT  AND   SHADE  IN  SCULPTURE  111 

area  when  the  object  is  moved  a  certain  distance 
further  away.  In  some  cases  large  diffusing  globes 
enveloping  an  artificial  light  source  will  produce  the 
effect  desired.  The  amount  of  light  in  the  shadows 
can  be  controlled  by  varying  the  brightness  of  the  sur- 
roundings and  by  means  of  curtains  of  various  reflection 
coefficients  or  portable  diffusing  screens.  The  problems 
encountered  so  far  are  quite  similar  to  those  con- 
fronting the  portrait  photographer,  as  treated  in  Chapter 
XII.  The  same  factors  should  be  carefully  considered 
in  sculpture  galleries,  as  discussed  later  in  this  chapter. 
Obviously  no  specific  rules  regarding  the  character 
of  shadows  can  be  laid  down  for  modeling  sculptured 
objects.  This  field,  like  painting  and  other  arts,  has 
a  definite  scientific  foundation,  as  this  treatise  attempts 
to  show;  nevertheless  sculpture  cannot  be  manufac- 
tured by  scientific  formulae.  After  the  science  is 
revealed,  the  individual  artist  is  sole  master  of  the 
procedure.  However,  it  is  interesting  to  note  that 
Flaxman  says: 

"  Concerning  the  quantity  of  light  and  shadow  in  a  group  if 
the  light  be  one-third  and  the  shadow  two-thirds  the  effect  will  be 
bold.  If  the  light  be  one-fifth  and  the  shadow  four-fifths,  it  will 
be  still  bolder  and  accord  with  a  tragic  or  terrific  action,  but  the 
more  general  effect  of  sculpture  is  two-thirds  of  the  light  on  the 
middle  of  the  group  with  a  small  proportion  of  very  dark  shadow 
in  the  deeper  shadows." 

In  studying  the  factors  which  influence  light  and 
shade  hi  modeled  objects,  many  interesting  subjects 
have  been  used  and  many  effects  have  been  photo- 
graphed for  the  purpose  of  illustrating  the  various 
points  discussed.  The  limitations  of  the  photographic 
processes  involved  make  it  difficult  to  preserve  the 
delicate  light  and  shade  effects  in  the  illustrations 
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which  are  so  apparent  and  convincing  to  the  eye  in  the 
originals.  For  exemplifying  some  of  the  foregoing 
points  the  head  of  the  father  in  the  Laocoon  group 
(Fig.  82)  has  been  chosen  because  of  its  highly  expres- 
sive character,  this  group  being  generally  recognized 
as  one  of  the  most  expressive  among  the  antique. 

It  will  be  noted  that  the  head,  which  is  studied  in 
a  number  of  the  following  illustrations,  faces  some- 
what upward  and  is  considerably  inclined  to  one  side. 
It  is  not  difficult  to  light  this  face  in  a  manner  which 
brings  out  the  expression  of  pain  and  suffering  and 
suggests  the  terrible  subject  even  when  separated 
from  the  remainder  of  the  group.  However,  there  are 
few  lightings  that  are  at  all  satisfactory  in  this  case, 
as  is  partially  shown  in  Figs.  59  to  69  inclusive.  The 
photographs  reproduced  in  Figs.  59  to  66  inclusive 
were  made  amid  black  velvet  surroundings;  therefore 
the  light  entering  the  shadows  is  reflected  only  from 
the  high-lights  on  the  object  in  the  immediate  vicinity. 
The  point  sources  used  (bare  incandescent  lamps)  were 
three  feet  distant  and  in  a  plane  two  feet  in  front  of  the 
plane  on  which  the  front  half  of  the  head  was  hung. 
The  illustrations  are  briefly  described  in  the  following: 

Fig.  59.  —  Lighted  by  means  of  a  point  source  three 
feet  overhead  and  two  feet  in  front  of  the  plane  on 
which  the  head  hung.  Note  the  sharpness  and  general 
symmetry  of  the  shadows.  The  result  is  neither  artis- 
tic nor  suggestive  of  the  tragic  subject. 

Fig.  60.  —  Lighted  by  a  point  source  three  feet 
below  and  two  feet  in  front  of  the  hanging  plane.  The 
result  is  certainly  neither  artistic  nor  satisfactory  from 
the  standpoint  of  expression.  This  result  is  illustrative 
of  the  inartistic  and  often  grotesque  effect  of  the  ordi- 
nary footlights  on  most  theatrical  stages. 
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Fig.  59  — Above 


Fig.  60  — Below 


Fig.  61  — Side  Fig.  62  — Side 

Different  lightings  of  the  Laocoon  head  by  point  sources  of  light. 
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Fig.  61.  —  Lighted  by  a  point  source  three  feet  on 
the  right  side  of  the  face  and  two  feet  in  front.  The 
expression  is  placid  and  very  far  from  one  of  pain  and 
suffering. 

Fig.  62.  —  Lighted  by  a  point  source  symmetrically 
opposite  from  that  used  in  Fig.  61.  The  expression, 
while  not  sufficiently  tragic,  is  approaching  the  desired 
result.  In  these  four  cases  so  far  treated,  there  was 
more  light  in  the  shadows  than  is  indicated.  Much  of 
this  is  lost  in  reproduction. 

Fig.  63.  —  The  right  side  of  the  face  was  lighted  by 
means  of  a  point  source  in  the  same  position  as  in 
Fig.  61.  The  left  side  was  lighted  to  an  intensity  about 
one  fifth  as  high  by  means  of  a  diffusing  screen  sub- 
tending an  angle  of  about  90  degrees  vertically  (45 
degrees  above  and  45  degrees  below  the  horizontal) 
and  about  45  degrees  horizontally.  This  lighting,  while 
illustrating  a  point,  is  far  from  being  satisfactory. 

Fig.  64.  —  The  lighting  is  the  same  as  in  Fig.  63, 
with  the  exception  that  the  diffused  illumination  on  the 
left  side  of  the  face  has  been  increased  to  approxi- 
mately the  same  value  as  the  directed  illumination  on 
the  right  side  of  the  face.  Here  is  a  splendid  oppor- 
tunity for  comparing  the  effects  of  diffused  and  directed 
light.  There  is  a  striking  absence  of  shadows  on  the 
left  side  of  the  face,  the  shade  that  is  present  being 
due  to  certain  elements  of  the  surface  being  so  oriented 
as  to  receive  a  smaller  light-flux  density. 

Fig.  65.  —  In  this  case  the  head  was  diffusely  lighted 
by  means  of  screens  of  the  same  solid  angular  extent 
on  both  sides,  the  screens  being  of  the  same  size  and 
relative  position  as  that  contributing  the  diffused  light 
in  Fig.  64.  The  obliterating  effect  of  such  lighting  is 
quite  apparent.  Although  lightings  are  in  general  more 
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Point  source  on  the  left;  dif- 
fused light  on  the  right. 


Fig.  64- 

Point  source  on  left;  diffused 
light  on  right. 


Fig.  65—  Fig.  66  — 

Diffused  light.  Four  point  sources. 

Different  lightings  of  the  head  of  Laocoon. 
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satisfactory  to  the  eye  than  to  the  photographic  plate, 
the  lighting  here  considered  was  very  unsatisfactory  to 
the  eye.  Notwithstanding  the  extreme  undesirability 
of  such  lighting,  there  are  sculpture  galleries  with  walls, 
floor,  and  ceiling  of  high  reflecting  power  and  having  a 
large  expanse  of  diffusing  skylight  in  which  the  effects 
are  not  far  from  this  example. 

Fig.  66.  —  The  object  was  lighted  by  means  of  four 
point  sources  placed  symmetrically  at  the  four  corners 
three  feet  distant  and  in  a  plane  two  feet  in  front  of 
the  hanging  wall.  The  effect  is  quite  as  unsatisfactory 
as  that  shown  in  Fig.  65,  with  the  additional  annoyance 
of  multiple  shadows. 

In  order  to  illustrate  the  effect  of  three  different 
lighting  systems  on  a  sculptured  or  three-dimensional 
object,  the  Laocoon  head  was  photographed  in  the 
same  position  in  a  room  lighted  successively  by  an 
ordinary  direct  lighting  unit  near  the  center  of  the 
ceiling,  by  an  indirect  lighting  unit  in  the  middle  of  the 
room  a  few  feet  from  the  ceiling,  and  by  daylight  en- 
tering three  windows,  two  being  at  one  side  and  one 
in  front  of  the  face.  The  average  reflection  coefficient 
of  the  walls  was  0.2  and  of  the  ceiling  was  about  0.5. 
The  head  was  hung  on  one  wall  about  five  feet  from 
the  floor. 

In  Fig.  67  is  shown  the  effect  of  the  direct  lighting 
system.  The  shadows  are  sharp  and  bold,  though  not 
so  dark  as  is  indicated  in  the  reproduction.  In  Fig.  68 
is  shown  the  effect  of  the  indirect  lighting  system. 
Here  the  ceiling  is  the  primary  light  source  which  sub- 
tends a  large  solid  angle,  as  indicated  by  the  absence 
of  sharp  shadows.  The  effect  is  similar  to  that  of  a 
diffusing  skylight.  A  great  deal  of  light  enters  the 
shadows,  due  to  a  greater  amount  of  diffused  or  scat- 
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tered  light  present  with  this  system  than  with  the 
direct  system.  The  general  softness  is  very  evident 
and  furnishes  an  excellent  example  of  a  proper  distri- 
bution of  light  where  softness  of  shadows  is  desired. 
Of  course  the  effect  is  quite  out  of  place  if  proper 
lighting  of  this  particular  subject  were  being  sought. 
In  Figs.  67  and  68  the  intensity  of  illumination  at  the 
plane  on  which  the  object  was  hung  was  the  same, 
the  illuminants  were  identical  in  spectral  character, 
and  the  photographic  exposures  were  exactly  the  same. 
Thus  there  is  provided  an  excellent  comparison  of  the 
two  extremely  different  lighting  conditions.  In  Fig.  69 
is  shown  the  effect  of  daylighting  through  windows,  as 
is  common  in  many  interiors.  Two  windows  were  on 
the  right  side  of  the  face  (as  indicated  by  the  double 
shadow  visible  on  the  lips)  and  one  was  in  front.  The 
general  unsatisfactoriness  of  lighting  from  more  than 
one  window  is  very  evident  in  this  case.  It  is  well  to 
note  a  common  difference  in  the  distribution  of  natural 
and  artificial  light  indoors.  These  points  will  be  men- 
tioned later  regarding  these  three  illustrations. 

At  this  point  it  is  of  interest  to  show  that,  notwith- 
standing light  is  usually  a  modeler  of  form,  the  dis- 
tribution of  light  and  shade  on  an  object  does  not 
always  reveal  the  true  form  of  the  object.  This  point 
was  illustrated  in  Figs.  6  and  7,  Chapter  III,  and  is 
further  exemplified  in  the  following  illustrations.  In 
studying  reliefs  which  are  treated  later,  a  striking 
example  of  the  inability  of  light  and  shade  to  reveal  the 
true  form  of  an  object  was  discovered.  A  relief  and 
the  plaster  mold  from  which  it  was  made  were  placed 
side  by  side  in  a  velvet-lined  booth.  In  Fig.  70  is 
shown  the  effect  of  lighting  the  relief  by  means  of  a 
point  source  (bare  tungsten  lamp)  on  the  right  side  of 
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the  object,  and  slightly  in  front,  that  is,  on  the  left  side 
of  the  observer  as  he  faced  the  object.  This  is  evident 
from  the  position  and  direction  of  the  shadows.  In 
Fig.  71  the  appearance  is  that  of  a  relief  facing  in  the 
opposite  direction  and  lighted  from  the  side  opposite  to 
that  in  Fig.  70.  In  reality  the  object  shown  in  Fig.  71 
was  a  mold  from  which  the  relief  was  made  and 
was  lighted  by  the  same  light  source  as  the  relief,  the 
two  objects  being  photographed  simultaneously.  Thus 
the  general  shadow  effects  are  practically  identical  in 
the  two  cases,  even  in  the  small  details.  The  condition 
of  lighting  these  two  objects  from  one  source  at  the 
left  of  the  observer  as  he  faced  the  objects  was  such 
that  the  light  source  was  screened  from  view.  Further- 
more, the  black  velvet  surroundings  did  not  reveal 
the  position  of  the  light  source  by  shadows  cast  upon 
it,  with  the  result  that  when  the  mold  (Fig.  71)  was 
viewed  alone,  it  actually  appeared  to  be  a  relief  lighted 
from  the  side  opposite  to  that  on  which  the  light  source 
was  actually  situated.  Of  course,  it  is  natural  that  the 
mold  was  assumed  to  be  a  relief,  because  the  latter 
is  common  and  the  former  is  uncommon.  The  two 
objects  were  left  in  the  same  positions  side  by  side, 
and  photographed  while  lighted  by  means  of  a  point 
source  above  and  slightly  in  front  of  the  plane  on 
which  they  were  hung.  The  relief  is  seen  to  appear 
in  true  form  with  the  shadows  cast  downward  as 
shown  in  Fig.  72.  The  mold  actually  appeared  to  be 
a  relief  lighted  from  below,  as  is  seen  in  Fig.  73,  not- 
withstanding it  was  lighted  from  above  by  the  same 
source  that  illuminated  the  relief  as  shown  in  Fig.  72. 
These  two  objects  were  photographed  simultaneously 
side  by  side  and  received  light  from  the  same  point 
source  above  them.  It  will  be  noted  that  the  light  and 
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shade  effects  in  Figs.  70  and  71  are  practically  identical, 
yet  in  Figs.  72  and  73  the  effects  are  quite  reversed. 
Many  other  identical  simultaneous  lightings  of  these 
objects  are  of  interest,  but  these  are  sufficient  to  show 
that  the  distribution  of  light  and  shade  upon  an  object 
does  not  always  reveal  its  true  form.  Judgments  are 
influenced  by  past  experiences,  and  hi  this  case  the 
object  illustrated  in  Figs.  71  and  73  was  not  suspected 
of  being  a  mold  and  not  a  relief  because  the  relief  is 
by  far  the  most  common  in  objects  of  this  character. 
Experiments  were  performed  with  this  mold  on  many 
observers,  and  invariably  when  the  light  source  was 
thoroughly  screened  and  the  light  was  not  sufficiently 
intense  to  reveal  the  faint  shadow  cast  on  the  black 
velvet  background  the  object  was  thought  to  be  a  re- 
lief lighted  from  a  position  directly  opposite  to  that 
actually  occupied  by  the  light  source.  When  the  fore- 
going precautions  were  not  carefully  taken,  the  observer 
would  usually  detect  that  the  object  was  a  mold  in- 
stead of  a  relief,  although  the  reasons  for  this  correct 
conclusion  were  usually  hazy.  These  experiments  illus- 
trate the  complexity  in  the  distinguishing  of  the  forms 
of  objects  and  show  that  correct  conclusions  are  often 
arrived  at  through  a  subconscious  associational  mental 
process. 

An  interesting  and  important  viewpoint  from  which 
to  consider  light  and  shade  in  sculptured  objects  is  the 
effect  of  the  medium  employed  in  the  work.  For 
instance,  some  marbles  are  especially  translucent  and 
lend  themselves  to  the  modeling  of  human  statues 
because  of  their  similarity  to  human  flesh  in  translu- 
cency.  Only  a  small  portion  of  the  light  reflected  by 
the  human  flesh  is  specularly  reflected,  the  remainder 
being  diffusely  transmitted  and  reflected.  The  fact 
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that  many  marbles  can  be  given  a  matte  or  velvety 
surface  combined  with  their  translucency  makes  them 
satisfactory  media  for  the  production  of  statues  of 
white  beings.  Metals  are  not  translucent  and  usually 
have  such  smooth  surfaces  that  a  considerable  amount 
of  light  is  specularly  reflected.  The  diffuse  reflection 
coefficients  of  metals  used  in  sculpture  (bronze,  copper, 
etc.)  are  usually  low,  so  that  the  amount  of  light  dif- 
fusely reflected  is  small.  These  two  conditions  com- 
bined result  in  a  much  greater  percentage  of  the  total 
reflected  light  being  specularly  reflected  than  in  the 
case  of  plaster  and  marble.  For  this  reason  the  high- 
lights on  metallic  sculptures  are  much  more  conspicu- 
ous than  in  the  case  of  the  plaster  and  marble  pieces. 
The  metals,  however,  are  excellent  media  for  sculp- 
tured works  representing  a  human  being  with  swarthy 
skin,  such  as  the  indian  or  negro,  or  for  representing 
the  glossy  coat  of  animals  having  dark  fur.  By  no 
means  is  it  contended  that  the  fitness  of  the  medium 
for  imitating  various  objects,  as  briefly  discussed  in 
the  foregoing,  in  any  way  prevents  the  artist  from  dis- 
playing his  ability  in  any  medium,  but  inasmuch  as 
the  surface  character  and  the  medium  are  highly  influ- 
ential on  the  light  and  shade  effects,  a  few  illustrations 
are  inserted  to  emphasize  the  points. 

In  Fig.  74  a  photograph  of  Clytie  by  W.  H.  Rou- 
chart  is  reproduced.  The  soft  features,  the  diffused 
lighting,  and  the  translucency  of  the  marble  all  contrib- 
ute in  making  the  light  and  shade  effects  very  satis- 
factory and  in  producing  a  harmonious  blend  of  almost 
perfect  congruity.  Fig.  75  represents  a  different  view 
and  lighting,  somewhat  altering  the  expression  and  light 
and  shade  effects.  Compare  Fig.  76,  a  polished  bronze 
Venus  by  C.  G.  Allegrain,  with  the  preceding  illustra- 
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(Courtesy  of  the  Metropolitan  Museum  of  Art.) 

Fig.  74  —  Clytie  in  marble  by  W.  H.  Rouchart. 
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(Courtesy  of  the  Metropolitan  Museum  of  Art.) 

Fig.  75  —  Clytie  in  marble  by  W.  H.  Rouchart. 
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tion.  The  work  is  well  executed,  but  the  effect  of  light 
and  shade  as  conveyed  to  the  spectator  by  this  pol- 
ished metal  is  far  less  satisfactory  than  that  conveyed 
by  the  translucent  marble  of  Figs.  74  and  75.  Both  of 
the  statues  are  of  beautiful  women,  yet  apart  from  the 
craftsmanship  displayed  by  the  artist,  the  expression  in 
light  and  shade  conveyed  to  the  spectator  is  far  superior 
in  the  case  of  the  marble  medium.  In  Fig.  77,  a  marble 
sculpture  by  George  E.  Bissell,  extreme  softness  results 
from  the  use  of  marble  with  a  depolished  surface, 
soft  features,  and  highly  diffused  lighting.  In  Fig.  78, 
the  Sun  Vow  by  H.  A.  MacNeil,  the  bronze  medium 
is  well  chosen  to  represent  the  copper-colored  glossy- 
skinned  indian.  The  high-lights  are  fittingly  con- 
spicuous and  the  diffusely  reflected  light  is  properly 
suppressed,  with  a  resultant  congruity  that  is  pleasing. 

In  Fig.  79,  a  bronze  statuette  by  L.  Tuaillon,  con- 
flicting effects  of  light  and  shade  are  shown.  The 
metallic  bronze  surface  conveys  an  excellent  repre- 
sentation of  the  dark  and  glossy  coat  of  the  horse,  but 
fails  to  represent  properly  the  translucent  and  light 
skin  of  the  female  figure.  As  previously  stated,  the 
character  of  the  medium  does  not  depreciate  the  skill 
of  the  artist,  but  it  does  have  an  important  effect  upon 
the  entire  impression  conveyed  to  the  spectator  through 
the  highly  important  factor  —  light  and  shade.  These 
illustrations  were  selected  for  the  purpose  of  showing 
the  influence  of  the  medium  on  light  and  shade  effects. 

The  discussion  of  light  and  shade  in  sculpture  so 
far  has  been  confined  chiefly  to  a  consideration  of 
modeling  in  true  proportions.  Sculpture,  however,  is 
a  shaping  art  intended  to  express  and  arouse  emotion 
by  the  imitation  of  natural  objects  in  solid  form  re- 
produced either  in  true  proportions  in  three  dimen- 
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(Courtesy  of  the  Metropolitan  Museum  of  Art.) 

Fig.  76  —  Venus  in  polished  bronze  by  C.  G.  Allegrain. 
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(Courtesy  of  the  Metropolitan  Museum  of  Art.) 

Fig.  77  —  Mary  Justina  de  Peyster  in  marble  by  George  E.  Bissell. 
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(Courtesy  of  the  Metropolitan  Museum  of  Art.) 

Fig.  78  —  Sun  Vow  in  dull  bronze  by  H.  A.  MacNeil. 

sions  or  in  two  true  dimensions,  length  and  breadth, 
with  a  diminished  proportion  in  the  third  dimension  of 
depth  or  thickness.  Sculpture  in  the  round  and  in 
relief  are  alike  to  the  extent  that  the  characteristics  of 
objects  which  they  imitate  are  their  external  forms  as 
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defined  by  their  outlines  chiefly  in  light  and  shade. 
Solid  modeling  and  real  light  and  shade  are  enjoyed 
only  by  the  sculptor  among  the  imitative  artists.  Out- 


(Courtesy  of  the  Metropolitan  Museum  of  Art.) 

Fig.  79  —  Equestrian  statue  in  bronze  by  L.  Tuaillon. 

lines  or  boundary  contours  the  sculptor  enjoys  in  com- 
mon with  the  draughtsman  and  the  painter.  However, 
when  the  work  is  entirely  executed  in  very  low  relief, 
the  principle  is  not  that  of  sculpture,  for  its  effects 
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depend  only  slightly  upon  the  surface  light  and  shade. 
In  such  work  the  contour  is  traced  by  a  line  of  light 
on  the  side  facing  the  predominating  light  source  and 
by  a  line  of  shadow  on  the  opposite  side.  Bas-relief 
approaches  painting  and  drawing,  for  in  the  latter  cases 
the  third  dimension  is  dispensed  with  entirely.  For 
this  reason  light  and  shade  effects  on  works  done  in 
low  relief  are  not  so  influenced  by  the  distribution  of 
light  as  works  done  in  three  dimensions  of  true  pro- 
portions. 

In  general  low  relief  is  seen  to  best  advantage 
under  lighting  so  highly  directed  that  many  objects 
molded  in  true  proportions  would  appear  very  harsh 
and  entirely  too  bold.  In  fact  the  most  striking  lighting 
effects  on  low  relief  that  have  come  under  the  author's 
observation  have  been  due  to  the  direct  light  of  the  sun 
or  of  a  bare  artificial  light  source.  Nevertheless  much 
decorative  relief  is  subjected  to  highly  diffused  light 
from  many  sources  with  unsatisfactory  results,  owing 
to  the  tendency  toward  obliteration.  For  instance, 
where  relief  is  employed  on  ceilings  and  walls  in  inte- 
riors it  would  be  almost  invisible  under  the  highly  dis- 
tributed artificial  lighting  systems  if  it  were  not  for 
the  superficial  coatings  applied,  as  well  as  the  dust 
that  collects  in  the  interstices.  When  a  tinted  super- 
ficial coating  is  applied  there  is  a  tendency  for  thicker 
layers  to  gather  in  the  interstices,  with  the  result  that  a 
darker  tint  is  produced  in  them  and  hence  the  shadow 
is  preserved  to  some  extent.  This,  and  the  dust  that 
naturally  gathers  in  the  hollows,  tends  to  neutralize 
the  obliterating  effect  of  light  coming  from  many 
directions.  This  is  largely  a  problem  for  the  architect 
and  will  be  discussed  in  the  following  chapter. 

Four   different   lightings    of   a   very   low   relief   are 
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shown  in  Fig.  80  which  illustrate  that  the  direction  of 
light  plays  only  a  small  part  in  the  expression.  The 
lighting  in  each  case  is  produced  by  a  point  source  of 


(b) 


(c)  (d) 

Fig.  80  —  A  relief  under  different  lightings. 

light  three  feet  distant  and  two  feet  in  front  of  the 
plane  upon  which  the  object  hung.  The  surroundings 
were  covered  with  black  velvet,  so  that  no  diffused 
light  reached  the  shadows  excepting  that  reflected 
from  adjacent  high-lights.  It  is  seen  with  this  purely 
directed  light  the  effects  are  not  harsh  or  bold  as  in 
the  case  of  the  sculpture  in  true  proportions,  as  shown 
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in  Figs.  59  to  62  inclusive.  The  obliterating  effect  of 
considerable  light  reaching  the  relief  from  several 
directions  was  readily  demonstrated.  In  fact,  with  as 
few  as  two  point  sources  illuminating  this  low  relief 
from  opposite  sides  to  approximately  equal  intensities, 
it  was  difficult  to  distinguish  its  form.  Many  experi- 
ments and  observations  indicate  that  the  best  effects 
are  generally  obtained  with  low  reliefs  by  means  of 
rather  highly  directed  lighting  from  sources  subtending 
a  relatively  small  angle  at  the  object. 

It  has  often  been  noticed  that  some  natural  objects 
when  illuminated  hi  a  certain  manner  are  suggestive 
of  other  objects.  These  cases  are  excellent  illustra- 
tions of  the  influence  of  the  distribution  of  light  upon 
an  object  on  its  appearance.  These  examples  some- 
times furnish  humorous  aspects,  as  shown  in  Fig.  81. 
On  examining  a  large  potato  a  resemblance  to  a  human 
face  was  noticed  when  the  potato  was  held  in  a  certain 
position  with  respect  to  the  light.  A  plaster  cast  was 
made  and  a  number  of  photographs  were  taken  under 
different  lightings,  a  few  of  which  are  shown  in  the 
illustration.  Inasmuch  as  the  potato  was  of  the  Irish 
variety,  it  has  been  facetiously  suggested  that  the  reason 
for  the  adoption  of  this  name  for  a  tuber  of  American 
nativity  has  been  revealed  by  this  series  of  photographs. 
Be  that  as  it  may,  this  illustrates  in  another  manner 
the  importance  of  lighting  in  the  appearance  of  objects. 

The  lighting  of  the  completed  sculpture  is  highly 
important,  as  has  been  seen,  because  the  impression  is 
conveyed  to  the  spectator  chiefly  by  light  and  shade, 
which  is  greatly  influenced  by  the  distribution  of  light. 
The  lighting  of  a  single  piece  of  modeled  art  is  not 
difficult  and  can  be  carried  out  readily  after  a  consid- 
eration of  the  previous  discussion;  however,  the  prob- 
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lem  of  lighting  groups  of  sculpture  such  as  gallery 
exhibits  is  an  immense  one.  Judging  by  the  appear- 
ance of  public  exhibits  and  the  varied  methods  of 
lighting  employed,  there  is  no  general  agreement  as 
to  the  best  method;  furthermore,  there  is  often  a  plain 


Fig.  82  —  The  Laocoon  group. 

indication  of  a  lack  of  knowledge  of  the  simple  under- 
lying principles  affecting  the  appearance  of  such  objects 
on  the  part  of  those  responsible  for  their  appearance. 
The  ideal  lighting  is  perhaps  in  general  close  to  that 
under  which  the  work  was  executed.  This  must  be 
true  unless  others  besides  the  creator  of  the  piece 
presume  to  be  able  to  improve  its  appearance.  In  gen- 
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eral  the  judgment  of  the  artist  must  be  accepted  as 
best.  Of  course  this  ideal  can  seldom  be  realized, 
owing  to  the  absence  of  knowledge  regarding  the  en- 
vironment of  the  piece  during  its  evolution.  However, 
it  is  well  to  bear  this  in  mind  and  to  strive  faithfully 
to  determine  the  best  lighting  for  each  work.  If  the 
foregoing  ideal  is  to  be  carried  out,  obviously  each 
sculptured  piece  should  have  a  room  or  alcove  by 
itself.  This  is  usually  out  of  the  question  in  even  un- 
crowded  galleries,  so  that  the  nearest  approach  is  to 
furnish  each  piece  with  an  individual  environment  as 
far  as  possible.  It  has  been  said  that  to  do  a  sculp- 
tured piece  justice  it  should  be  so  placed  that  it  may 
be  seen  alone.  Satisfactory  results  as  to  immediate 
environment  have  been  obtained  by  means  of  alcoves 
as  illustrated  in  Fig.  83.  Here  there  is  provided  a 
uniform  background  so  pleasing  in  comparison  with 
backgrounds  consisting  of  various  objects  and  pat- 
terns. By  placing  the  work  near  the  entrance  of  the 
alcove  or  inside  of  it,  the  lighting  can  be  controlled 
to  some  extent  by  reducing  the  effective  area  of  the 
dominating  light  source  and  thus  obtaining  a  degree 
of  directed  light  that  is  desirable.  The  orientation  of 
the  statue  can  be  depended  upon  to  some  extent  for 
obtaining  the  desired  effects  of  light  and  shade.  In 
such  alcoves  it  is  of  importance  to  maintain  the  bright- 
ness of  the  background  sufficiently  high  so  that  the 
contrast  will  not  be  too  great  in  order  to  avoid  dis- 
comforting eyestrain.  The  alcove  idea  is  shown  on  a 
large  scale  in  Fig.  84.  Doubtless  if  the  position  and 
extent  of  the  dominating  light  source  and  the  brightness 
of  the  ceiling,  walls,  and  floor  are  properly  controlled, 
such  a  placing  of  sculpture  can  be  made  quite  satis- 
factory in  all  cases. 
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Another  plan  aiming  to  give  each  piece  a  degree  of 
exclusive  environment  is  often  practicable,  as  shown  in 
Fig.  85.  In  this  case  a  uniform  background  of  medium 


Fig.  83  — The  Perseus  in  the  Vatican. 

brightness  is  provided  and  the  sculpture  is  brightly 
illuminated.  Orientation  can  be  practised  to  a  certain 
degree  in  such  a  case  as  illustrated  in  order  to  obtain 
the  best  effects.  Where  space  is  limited,  the  next 
step  is  to  place  the  works  along  the  walls,  crowding 
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them  no  more  than  necessary,  but  only  as  a  last  re- 
sort should  they  be  placed  about  over  the  entire 
floor  area.  Unfortunately  there  are  many  examples  of 
this  character  arising  through  ignorance  or  necessity. 
The  placing  of  sculptured  objects  having  been  consid- 
ered briefly,  the  next  points  of  interest  are  the  factors 
which  more  directly  influence  the  light  and  shade 
effects. 

As  already  stated,  these  factors  are  chiefly  the 
general  direction  of  the  dominant  light,  that  is,  the 
position  of  the  primary  light  sources,  the  solid  angle 
subtended  by  the  primary  light  source,  and  the  reflec- 
tion coefficients  of  the  surroundings.  The  first  factor 
determines  the  general  direction  of  the  cast  shadows; 
the  second  determines  the  character  of  the  shadow 
edges;  and  the  third  the  depth  or  brightness  of  the 
shadows.  The  last  two  factors  chiefly  influence  the 
boldness  or  softness  of  the  light  and  shade  effects. 
Leonardo  da  Vinci  enunciated  the  principle  that  cast 
shadows  should  be  equal  in  length  to  the  objects  them- 
selves. This  in  reality  is  the  law  of  '45  degree  light- 
ing' as  practised  perhaps  more  or  less  unconsciously 
by  many  portrait  photographers  and  architects.  In 
general  such  lighting  appears  to  be  best  for  sculpture, 
but  it  is  unwise  to  attempt  to  formulate  a  general  law 
for  lighting  such  varied  objects  as  sculpture  and  for  a 
field  so  complicated  by  different  esthetic  tastes.  If  it 
is  desired  to  have  the  predominant  or  directed  light 
reach  the  object  at  an  angle  of  45  degrees  above  the 
horizontal  plane,  it  is  possible  to  obtain  satisfactory 
results  by  means  of  side-light  or  top-light,  providing 
the  dimensions  of  the  gallery  are  properly  related.  In 
order  to  discuss  the  subject  with  greater  ease,  several 
diagrammatic  sketches  of  different  schemes  of  day- 
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Fig.  84  —  The  Braccio  Nuovo,  The  Vatican. 


Fig.  85  —  Sculpture  in  the  Albright  gallery  at  Buffalo,  N.  Y. 
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lighting  are  presented  in  Fig.  86.  Although  there  are 
many  different  methods  of  obtaining  light  in  sculpture 
galleries,  there  are  two  chief  ones,  namely  side-lighting 
and  top-lighting  It  is  out  of  the  question  to  describe 
the  many  modifications  and  combinations  of  these  found 
in  practise,  so  that  the  general  principles  will  be  dis- 
cussed with  the  aid  of  the  diagrams  shown  in  Fig.  86 
and  a  few  examples  from  existing  galleries  diagram- 
matically  shown  in  Fig.  87.  In  a,  Fig.  86,  is  shown  the 
low  side-light,  which  is  usually  a  clear  glass  window 
from  which  a  patch  of  sky  is  visible.  The  full  line 
drawn  to  the  center  of  the  window  shows  the  predomi- 
nant direction  of  light  at  a  point,  Pi,  on  a  sculptured 
object.  It  will  be  noted  that  with  the  low  side-light 
the  predominant  direction  is  nearly  horizontal.  While 
no  doubt  some  works  appear  satisfactory  under  such 
lighting,  the  direction  is  too  nearly  horizontal  to  be 
satisfactory  for  general  application  in  the  lighting  of 
sculpture.  The  dotted  lines  show  the  maximum  angle 
(for  the  present  only  one  plane  being  considered)  sub- 
tended by  the  light  source  at  the  point  PI.  Obviously 
the  sky  is  not  seen  below  the  horizontal  plane,  but 
the  diagram  is  meant  to  show  the  maximum  angle 
that  can  possibly  be  subtended  by  the  light  source  at 
the  point  under  consideration.  If  the  window  is  glazed 
with  diffusing  glass,  this  angle  shown  represents  the 
actual  angle.  In  b  is  shown  the  effect  of  raising  the 
window  considerably.  It  is  seen  by  the  full  line  that 
the  predominant  light  strikes  the  object  Pi  at  an  angle 
more  above  the  horizontal  than  at  Pi  in  case  a.  The 
angle  subtended  by  the  window  opening  at  the  point 
Pi  is  slightly  smaller  than  in  case  a,  as  shown  by  the 
dotted  lines.  In  both  examples  if  the  object  consid- 
ered be  at  P2  (nearer  the  window)  the  predominant 
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Fig.  86  —  Showing  predominant  direction  of  light  and  solid  angle  sub- 
tended by  the  light  source  in  various  types  of  natural  lighting. 
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direction  of  the  light  is  found  to  be  more  above  the 
horizontal  and  perhaps  more  nearly  satisfactory  in  gen- 
eral for  sculpture.  In  both  cases  the  solid  angle  sub- 
tended by  the  window  is  greater  at  P2  than  at  Pi. 
Thus  the  variations  in  the  shadow  effects  due  to  a 
change  in  the  height  of  the  side-light  and  the  position 
of  the  object  are  shown  in  these  two  diagrams. 

In  c  is  shown  the  effect  of  a  top-light  of  relatively 
small  area.  The  predominant  direction  of  the  light  is 
again  shown  by  the  full  line  extending  from  the  center 
of  the  sub-skylight  to  the  point  Pi.  In  the  case  of  the 
top-lighted  gallery  the  sub-skylight  is  assumed  to  be 
glazed  with  diffusing  glass,  as  is  usually  the  case.  Even 
though  no  diffusing  glass  existed  in  the  sub-skylight, 
practically  the  same  effects  would  be  obtained  if  no 
direct  sunlight  were  admitted  because  now  the  light- 
giving  area  would  be  a  portion  of  the  sky.  The  same 
considerations  would  apply  if  the  direct  sunlight  were 
diffused  by  a  diffusing  glass  in  the  roof  skylight.  In 
d  is  shown  the  same  elevation  with  the  sub-skylight 
area  enlarged.  It  is  seen  that  the  same  predominant 
direction  is  obtained  at  Pi  in  both  cases,  c  and  d. 
In  the  latter  case,  however,  the  solid  angle  subtended 
by  the  light  source  at  Pi  is  much  greater  than  in  c.  If 
the  point  P2  be  considered,  the  predominant  light  is 
now  directly  downward  in  both  cases,  but  the  subtended 
angle  is  different.  Few  sculptured  objects  appear  well 
under  predominant  vertical  light. 

So  far  only  one  plane  has  been  considered,  but  it 
should  be  borne  in  mind  that  these  openings  have 
another  dimension.  In  order  to  emphasize  this  point, 
diagram  e  is  presented.  Here  is  shown  the  longitudi- 
nal dimension  of  an  extensive  skylight  area  whose 
short  dimension  might  be  considered  as  represented 
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Fig.  87  —  Examples  of  sculpture  galleries. 

by  either  c  or  d.  The  angle  subtended  by  the  light 
source  at  any  point  when  considered  in  this  plane  for 
an  extended  skylight  is  seen  to  be  very  large.  When 
the  sub-skylight  is  glazed  with  a  diffusing  glass  the 
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effect  of  a  light  source  which  subtends  a  large  solid 
angle  is  not  quite  the  same  as  would  be  indicated  by 
the  large  angle,  because  the  distant  elements  of  glass 
are  not  furnishing  as  much  light  to  a  given  object  as 
nearer  elements.  This  difference  is  even  more  marked 
with  partially  diffusing  glass.  Although  all  the  infor- 
mation desired  cannot  be  obtained  graphically  as 
shown  here,  a  very  great  amount  of  useful  data  can 
be  obtained  by  such  analyses.  It  is  obvious  from  these 
diagrams  that  actual  dimensions  are  of  little  moment. 
Relative  dimensions  determine  the  predominant  direc- 
tion of  the  light  and  the  solid  angle  subtended  by  the 
light  source  —  two  vital  factors  in  the  realization  of 
satisfactory  light  and  shade  effects. 

While  it  is  quite  outside  the  scope  of  this  treatise 
to  discuss  sculpture  galleries  in  detail  or  to  formulate 
specific  rules  for  lighting  them,  a  few  general  conclu- 
sions based  on  experimental  facts  can  be  safely  drawn. 
Sculptured  objects  are  so  varied  in  nature  and  require 
such  different  distributions  of  light  for  obtaining  the 
best  effects  that  no  specific  lighting  can  possibly  be 
the  best  for  all  of  them.  Some  objects  appear  well 
under  almost  horizontal  lighting,  although  these  are 
relatively  few  in  number.  The  predominant  light 
should  come  from  only  one  light  source.  For  instance, 
where  side  windows  are  used  most  of  the  light  should 
reach  the  object  from  one  window.  This  can  be  ac- 
complished usually  by  deep  sills  and  by  the  decorative 
treatment  of  the  interior.  The  undesirable  effects  of 
light  from  two  or  more  sources  are  shown  in  Figs. 
66  and  69.  Sometimes,  when  the  light  is  properly 
balanced  and  diffused,  the  lighting  from  two  sources, 
subtending  angles  not  too  small,  is  satisfactory.  It  is 
seen  that  almost  identical  results  can  be  obtained  by 
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means  of  side-light  and  top-light  of  the  proper  dimen- 
sions and  position  providing  the  object  is  placed  in  a 
certain  position  quite  different  in  each  case.  That  is, 
side-light  cannot  be  condemned  and  top-light  extolled, 
or  vice  versa,  because  nearly  identical  results  can  be 
obtained  under  proper  conditions.  Light  on  sculpture 
must  have  a  fairly  well-defined  direction  and  in  gen- 
eral objects  in  low  relief  can  usually  be  made  to  appear 
satisfactory  in  more  directed  light  than  sculpture  in 
true  proportions.  Orientation  of  the  object  in  any 
case  plays  a  large  part  in  the  effect  obtained.  In  gen- 
eral under  ordinary  top-lighting  the  predominant  direc- 
tion of  the  light  varies  considerably  over  the  floor 
space,  but  the  solid  angle  subtended  by  the  light  source 
cannot  be  varied  greatly  by  changing  the  position  of 
the  object.  With  side-lighting  as  usually  practised  by 
means  of  windows,  the  effect  on  the  object  obtained 
by  varying  the  position  of  the  object  is  considerable. 
By  bringing  the  object  nearer  the  window  opening, 
the  predominant  direction  of  the  light  becomes  less 
horizontal  unless  the  windows  be  entirely  too  low; 
however,  this  usually  results,  over  a  portion  of  the  dis- 
tance, in  increasing  the  solid  angle  subtended  by  the 
light  source  or  window  opening.  All  of  these  factors 
should  be  considered  in  arranging  the  sculptured 
objects  in  an  exhibit.  The  underlying  principles  in 
the  production  of  light  and  shade  effects  are  few  and 
simple  and  therefore  should  be  easily  learned. 

A  point  that  should  be  considered  is  the  brightness 
of  the  surroundings,  because  the  latter  furnish  the  dif- 
fused light  which  illuminates  the  shadows.  It  should 
be  borne  in  mind  that  the  lighting  requirements  in 
sculpture  galleries  are  quite  different  from  those  in 
painting  galleries.  In  sculpture  galleries  we  are  con- 
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cerned  with  real  light  and  shade  as  products  of  the 
lighting.  In  paintings  the  lights  and  shadows  are 
fairly  well  fixed  and  relatively  much  less  affected  by  the 
lighting.  Highly  reflecting  surroundings  are  a  disad- 
vantage in  painting  galleries  because  of  the  fatiguing 
effect  upon  the  eyes  and  the  annoying  reflections  from 
the  glazed  pictures.  However,  in  sculpture  galleries 
sufficient  reflected  light  must  be  obtained  from  the 
surroundings  to  illuminate  the  shadows  sufficiently. 
In  general  even  the  floor  in  sculpture  galleries  should 
be  of  moderate  reflecting  power  or  the  light  and  shade 
effects  will  be  too  bold.  No  more  specific  rules  can 
be  safely  given,  but  conclusions  can  be  arrived  at  by 
studying  existing  galleries  with  the  fundamental  fac- 
tors in  mind  and  by  means  of  experiments  done  on  a 
small  but  exact  scale. 

It  appears  of  interest  in  closing  the  discussion  to 
note  some  examples  of  sculpture  galleries  in  actual 
existence  as  shown  in  Fig.  87.  In  a  are  shown  the 
essential  dimensions  of  a  large  sculpture  gallery  in 
which  the  general  effects  of  light  and  shade  on  objects 
near  the  walls  is  usually  considered  fair.  The  angle 
subtended  by  the  skylight  at  the  average  plane  of 
sculptured  objects  is  seen  to  be  large;  in  fact  so  large 
that  one  would  not  expect  the  effects  to  be  satisfactory. 
As  a  matter  of  fact  the  chief  attraction  of  such  lighting 
is  its  uniformity  which  is  essential  in  a  crowded  gallery. 
In  b  is  shown  a  gallery  with  a  small  high  side-light. 
The  best  effect  of  course  is  obtained  on  the  side  of 
the  room  opposite  the  wall  containing  the  openings  for 
admitting  light.  Such  a  system  is  wasteful  of  space 
although  the  satisfactory  effects  obtainable  warrant 
this  wastefulness  where  possible.  The  opposite  wall 
which  is  not  a  satisfactory  place  to  show  sculpture  can 
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be  utilized  for  cases  providing  sufficient  diffused  light 
reaches  it.  In  c  is  shown  a  mean  between  side-  and  top- 
light.  Such  a  system  should  be  annoying  in  some  parts 
of  the  room  owing  to  a  large  amount  of  light  reaching 
the  object  from  what  is  in  effect  the  same  as  two  or 
more  sources.  In  d  is  shown  a  small  top-light  which 
has  the  advantage  of  admitting  light  in  a  definite 
direction.  In  e  is  shown  an  example  of  high  side- 
light sometimes  called  attic  or  clerestory  lighting.  This 
is  often  a  very  satisfactory  method  of  admitting  and 
controlling  daylight.  In  /  is  shown  the  alcove  scheme, 
each  alcove  being  lighted  from  a  lunette  high  in  the 
wall  opposite.  Thus  many  variations  are  found  in 
practise.  It  would  be  very  interesting  to  analyze 
many  of  these  widely  different  gallery  lightings  visu- 
ally, photometrically,  and  photographically,  bearing  in 
mind  the  factors  which  influence  light  and  shade  effects, 
namely,  the  predominant  direction  of  the  light,  the  solid 
angle  subtended  by  the  light  source,  and  the  reflection 
coefficient  of  the  surroundings. 

In  the  foregoing  only  daylighting  has  been  consid- 
ered. Little  remains  to  be  said  about  artificial  lighting 
for  the  same  principles  apply  here  with  the  advan- 
tage that  artificial  light  can  be  more  easily  controlled 
than  natural  light.  If  the  natural  lighting  under  a 
certain  condition  is  satisfactory,  obviously  the  artifi- 
cial lighting  should  simulate  the  natural  lighting.  If 
the  latter  is  not  satisfactory,  the  artificial  lighting  can 
be  made  independently  satisfactory  by  consideration  of 
the  foregoing  principles.  There  is  one  precaution  to 
be  considered  however,  namely,  that  the  artificial 
lighting  should  be  such  as  to  produce  practically  the 
same  light  and  shade  effects  as  the  natural  lighting  if 
possible,  providing  the  latter  is  satisfactory,  in  order 
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to  obviate  any  conflicting  effects  during  the  hours  that 
the  natural  lighting  must  be  reenforced  by  artificial 
lighting.  In  all  lighting  of  sculpture  it  is  necessary  to 
bear  in  mind  the  fundamental  factors  so  often  men- 
tioned throughout  this  chapter. 


CHAPTER   IX 
LIGHT  AND   SHADE   IN  ARCHITECTURE 

It  may  appear  strange  that  architecture  has  been 
treated  separately  from  sculpture  because  it  is  in  real- 
ity sculptured  art  in  three  dimensions  and  therefore 
its  appearance  is  affected  by  the  same  influences  that 
determine  the  appearance  of  so-called  sculpture  treated 
in  the  preceding  chapter.  However,  architecture  in 
general  is  a  more  or  less  distinct  class  of  three-dimen- 
sional sculpture  as  compared  with  the  class  of  sculpture 
considered  heretofore  and  various  conditions  are  in 
general  different. 

Architectural  work  is  nearly  always  designed  for  a 
predetermined  and  fixed  position  and,  therefore,  can 
not  be  altered  in  appearance  by  changing  its  position 
with  respect  to  the  distribution  of  light,  as  is  possible 
with  much  sculptured  art  as  discussed  in  Chapter  VUL 
Thus  the  architect  is  usually  responsible  for  the  final 
effects  of  light  and  shade  upon  his  work  to  a  much 
greater  extent  than  the  sculptor.  This  is  true  espe- 
cially with  outdoor  work  and  often  is  true  of  indoor 
architecture.  Of  course  the  artificial  lighting  is  some- 
times 'altered  in  such  a  manner  that  the  resulting  ap- 
pearance of  a  decorative  interior  is  disappointing  to 
the  architect.  This  emphasizes  the  need  for  a  correct 
interpretation  of  light  and  shade  effects  and  an  under- 
standing of  the  factors  influencing  them  on  the  part  of 
the  lighting  specialist  and  others  as  well  as  the  archi- 
tect. There  are  plenty  of  existing  cases  which  empha- 
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size  the  fact  that  architects  do  not  always  have  a 
thorough  acquaintance  with  the  principles  of  lighting. 
Many  other  cases  prove  that  the  lighting  specialist  is 
often  quite  lacking  in  ability  to  interpret  and  appreciate 
the  principles  of  light  and  shade.  Perhaps  in  no  other 
field  of  light  and  shade  are  there  so  many  examples  of 
opportunities  ignored  or  overlooked  as  in  architecture. 
In  outdoor  work  the  architect  should  be  acquainted, 
in  more  than  a  vague  or  superficial  manner,  with  the 
tremendous  variation  in  Nature's  lightings  and  the 
resulting  effects  as  treated  in  Chapter  VII.  Outdoors 
the  architect  must  be  very  resourceful  in  order  to 
produce  a  work  that  will  withstand  satisfactorily  the 
extreme  variations  in  the  direction  and  distribution  of 
light.  He  works  under  the  handicap  that  his  lights 
and  shades  are  not  fixed  but  travel  as  the  sun  moves, 
tending  to  be  too  bold  on  sunny  days  and  threatened 
with  obliteration  on  overcast  days.  The  architect 
should  think  in  light  and  shade  and  be  able  to  imagine 
the  effects  on  sunny  and  overcast  days  and  at  differ- 
ent periods  of  the  day  and  seasons  of  the  year.  As 
Ruskin  says: 

*  *  Let  him  design  with  the  sense  of  heat  upon  him ;  let  him  cut 
out  the  shadows  as  men  dig  wells  in  unwatered  plains;  and  lead 
along  the  lights  as  a  founder  does  his  hot  metal;  let  him  keep  the 
full  command  of  both  and  see  that  he  knows  how  they  fall  and  where 
they  fade.  His  paper  lines  and  proportions  are  of  no  value;  all 
that  he  has  to  do  must  be  done  by  spaces  of  light  and  darkness, 
and  his  business  is  to  see  that  the  one  is  broad  and  bold  enough 
not  to  be  dried  like  a  shallow  pool  by  a  noonday  sun." 

The  quantity  of  shade,  whether  measured  in  terms 
of  area  or  depth,  contributes  considerably  to  the  power 
and  expressiveness  of  architecture.  A  famous  critic 
has  stated  that  no  building  was  ever  truly  great  unless 
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it  had  mighty  masses,  vigorous  and  deep,  of  shadow 
mingled  with  its  surface.  In  architecture  there  are 
two  distinct  styles,  one  in  which  the  forms  are  molded 
in  light  upon  shade  as  in  Grecian  pillared  temples;  the 
other  drawn  by  shadow  upon  light  as  in  early  Gothic 
foliation.  Outdoors  it  is  not  in  the  architect's  power 
to  control  the  factors  involving  direction  and  distribu- 
tion of  light  which  influence  the  light  and  shade 
effects,  but  a  partial  control  of  these  effects  lies  in  the 
original  design.  Indoors  the  lighting  is  usually  under 
control  so  that  it  should  be  predetermined  and  con- 
sidered in  conjunction  with  the  modelling,  the  position 
and  character  of  the  ornamental  work,  the  reflection 
coefficients  of  the  various  large  surfaces  and  the  posi- 
tions of  the  light  sources  with  respect  to  them. 

The  discussion  of  the  art  of  light  and  shade  in  archi- 
tecture could  be  indefinitely  continued  but  inasmuch  as 
the  author  makes  no  claim  to  being  an  authority  upon 
this  side  of  the  problem,  this  portion  of  the  subject  is 
left  to  others.  The  object  throughout  this  book  has 
been  to  bring  forth  the  more  readily  measured  and 
yet  neglected  aspect  —  the  science  of  light  and  shade. 
At  this  point  it  is  well  to  note  again  that  lighting 
molds  sculptured  objects  and  analysis  shows  there 
are  three  distinct  factors  in  lighting  which  influence 
the  light  and  shade  effects.  First,  the  direction  of 
predominant  light  determines  the  general  direction  of 
the  shadows.  Second,  the  solid  angle  subtended  by 
the  light  source  (small  in  the  case  of  the  sun  and  large 
in  the  case  of  a  patch  of  sky,  window,  or  skylight)  at 
the  point  in  question  determines  the  character  of  the 
shadow  edges.  Usually  this  also  affects  the  quantity 
of  shadow  whether  measured  in  area  or  depth.  Third, 
the  amount  of  diffused  or  scattered  light  determines 
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the  brightness  of  the  shadows.  Obviously  the  reflec- 
tion coefficients  of  the  surroundings  determine  the 
amount  of  the  diffused  light  although  outdoors  the  sky 
contributes  a  great  deal  of  light  to  the  shadows.  The 
architect  and  others  responsible  for  the  appearance  of 
architectural  work  should  find  it  profitable  to  know 
the  optical  characteristics  of  various  surfaces,  the  simple 
optical  laws,  and  the  effects  of  various  factors  in  light- 
distribution  in  order  to  analyze  effects  and  to  visualize 
the  appearance  of  contemplated  work.  Certainly  the 
modelling  must  be  different  if  a  certain  expression  of 
a  work  is  to  be  obtained  under  a  directed  light  than  if 
it  is  to  be  illuminated  by  a  highly  diffused  light  or 
light  from  an  extended  source.  All  of  these  principles 
are  discussed  in  foregoing  chapters,  therefore  only  a 
few  examples  of  the  effects  of  different  lightings  will 
be  presented  here. 

In  most  of  the  examples  immediately  following  the 
objects  have  diffusely  reflecting  surfaces.  This  results, 
as  shown  in  Chapters  II  and  III,  in  subdued  high- 
lights as  compared  with  objects  having  glazed  or  pol- 
ished surfaces.  The  effects  are  usually  more  pleasing 
in  architecture  although  there  are  many  cases  where 
the  glittering  high-lights  furnish  boldness  or  brilliancy 
that  is  quite  in  harmony  with  the  entire  composition. 

In  a,  Fig.  88,  is  shown  the  effect  of  lighting  a  Co- 
rinthian capital  by  means  of  a  point  source  (a  bare 
incandescent  electric  lamp)  three  feet  above  and  some- 
what in  front  of  the  plane  on  which  the  object  hung. 
The  surroundings  were  covered  with  black  velvet  in 
order  to  eliminate  the  scattered  light  and  to  retain 
only  the  effect  of  the  directed  light.  This  lighting 
would  not  be  chosen  if  an  artistic  picture  of  this  object 
were  desired  although  the  effect  is  very  much  more 
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pleasing  than  that  produced  by  a  point  source  of  light 
three  feet  below  the  object  as  shown  in  b.  In  the 
latter  case  the  light  source  was  in  a  symmetrically 
opposite  position  as  compared  with  a.  The  expression 
shown  in  b  is  very  unnatural  and  unsatisfactory  and 


(a)  (b) 

Fig.  88  —  A  capital  lighted  from  above  and  below  respectively*. 

the  object  appears  much  different  than  under  the  pre- 
ceding lighting.  When  this  object  is  lighted  from 
below,  and  only  the  object  is  visible  amid  black  sur- 
roundings, the  light  source  being  completely  concealed, 
an  uncomfortable  sensation  is  experienced.  Apparently 
the  observer  does  not  exactly  analyze  the  condition 
but  subconsciously  is  aware  of  the  shadows  being  pro- 
jected upward.  This  can  only  result  from  a  light 
source  placed  below  which  is  subconsciously  recog- 
nized as  resulting  usually  in  visual  discomfort.  For 
instance  bright  snow  on  the  ground  or  light  from  a 
lantern  held  in  the  hand  is  usually  annoying.  Thus  the 
psychological  impression  resulting  from  the  shadows 
being  projected  upward  causes,  through  a  sympathetic 
process,  a  sensation  similar  to  physiological  glare. 
These  two  widely  different  expressions,  a  and  b,  are 
the  result  entirely  of  different  distributions  of  light 
and  shade,  due  to  two  different,  but  simple,  lightings. 
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The  photographs  of  the  same  object,  shown  in  Fig.  89, 
were  obtained  in  an  unobstructed  position  on  top  of  a 
building,  the  object  being  hung  vertically  upon  a  black 
velvet  background.  In  c  is  shown  the  effect  obtained 
at  noon  on  a  clear  sunny  day.  The  direction  of  the 
shadows  is  identical  to  that  shown  in  a  but  both  the 
shadows  and  cast  shadows  are  relatively  much  brighter 


(c)  (d) 

Fig.  89  —  A  capital  lighted  by  combined  direct  sunlight  and  skylight  outdoors 
(c);  by  skylight  alone  on  an  overcast  day  (d). 

owing  to  the  great  amount  of  diffused  light  obtained 
from  a  very  extensive  sky  area  and  the  gray  gravel  roof. 
The  effect  is  much  more  satisfactory  than  in  the  pre- 
ceding cases  although  it  is  not  yet  the  most  artistic 
obtainable.  In  d  is  shown  the  effect  obtained  on  an 
overcast  day.  If  the  object  were  a  sphere  there  would 
be  very  little  shade  on  it  and  it  would  be  difficult  to 
distinguish  its  form  as  shown  in  Fig.  5.  There  are 
no  marked  high-lights  or  shadows.  The  slight  non- 
uniformity  that  exists  is  due  to  the  irregular  contour 
which  prevents  all  portions  from  receiving  the  same 
amount  of  light  owing  to  shielding  due  to  adjacent 
portions  and  to  the  different  orientations  of  the  various 
surfaces  with  respect  to  the  extended  light  source. 
It  should  be  noted  that  the  maximum  effective  light 
source  was  only  one  half  of  the  visible  sky  correspond- 
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ing  to  one  quarter  of  an  entire  spherical  surface.    Much 
of  the  detail  is  visible  but  not  as  distinctly  as  under  a 
more  directed  light.     Diffused  light  is  desirable  but  the 
amount  differs  with  the  effect  desired;  in  other  words, 
shadows   are    never   absolutely   black   and   should   not 
be  too  bright.     The  whole  effect  in  d  is  quite  unsatis- 
factory.    Thus,  in  the  four  illustrations,  extreme  con- 
ditions, two  of  which  are  found  in  Nature,  emphasize 
some  of  the  points  already  discussed.     Owing  to  the 
fact  that  it  is  the  object  here  to  bring  out  the  science 
of    light   and   shade   and    inasmuch   as    artistic    tastes 
differ,  no  artistic  lighting  of  this  object  is  shown.     The 
most  agreeable   effect  would  be  obtained  by  properly 
directing  light  from  a  source  subtending  a  solid  angle 
of  moderate   size,   the   predominant   direction   perhaps 
being  somewhere   near  45   degrees   with   the   vertical, 
and  by  supplying  a  sufficient  amount  of  scattered  light 
to  illuminate  the  shadows  to  a  certain  average  intensity. 
In  Fig.  90  are  shown  the  various  light  and   shade 
effects  obtained  by  five  different  lightings  of  the  same 
piece   of  plaster  molding.     The   surroundings   were  of 
black  velvet  and  the  light  sources  were  bare  incandes- 
cent lamps   about  three   feet   distant   and  in  a  plane 
about  two  feet  in  front  of  that  on  which  the   object 
hung.     The  effect  shown  in  a  was  obtained  by  means 
of  a  single  light  source  above.     This  is  the  best  effect 
of  the  five  characteristic  lightings  shown.     The  form  is 
perhaps  brought  out  as  well  as  possible.    In  b  the  effect 
was    obtained    by   means    of    a    single    source    below. 
The    appearance    is    astonishingly    different   from   that 
shown  in  a  and  the  form  is  not  satisfactorily  revealed. 
In  c  is  shown  the  result  of  simultaneously  lighting  the 
molding   by  means   of    single    sources    placed    respec- 
tively above  and  below.     In  other  words,  the  result  is 
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Fig.  90  — Five  different  lightings  of  the  same  molding. 
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the  combined  effects  shown  in  a  and  b.  In  d  is  shown 
the  effect  of  a  single  light  source  at  the  side  and  in  e 
the  effect  shown  was  obtained  by  means  of  four  sources 
placed  respectively  above,  below,  and  on  both  sides. 
It  is  thus  seen  that  the  position  of  the  light  source, 
that  is,  the  direction  from  which  the  light  falls  upon 
an  architectural  molding,  influences  its  appearance 
tremendously. 

The  effects  obtained  by  five  different  lightings  upon 
another  molding  of  simple  geometrical  design  are 
shown  in  Fig.  91.  This  molding  was  hung  in  the 
same  position  as  the  preceding  one  and  the  lightings 
were  as  follows:  a,  a  single  source  above;  b,  a  single 
source  below;  c,  a  single  source  on  the  left-hand  side; 
d,  a  single  source  at  the  upper  left;  and  e,  a  single 
source  at  the  lower  right.  The  light  and  shade  effects 
are  quite  different  in  all  cases,  although  owing  to  the 
geometrical  design  there  is  a  similarity  in  the  sym- 
metrical cases.  The  lightings  d  and  e  are  the  most 
satisfactory  in  revealing  the  true  form  of  this  object 
and  they  cause  the  molding  to  appear  to  have  depth. 
These  different  effects  of  various  lightings  upon  a 
molding  brings  to  mind  a  condition  very  often  noted, 
namely,  the  lighting  effects  upon  panels  whose  outlines 
are  bounded  by  a  molding.  Often  the  predominant 
light  comes  from  a  source  in  a  plane  above  the  panel 
and  the  upper  and  lower  moldings  appear  respectively 
somewhat  like  a  and  b  in  Fig.  90,  because  the  molding 
on  the  lower  edge  of  the  panel  is  inverted  with  respect 
to  the  upper  one.  This  emphasizes  the  point  that  the 
observer  is  often  depended  upon  to  supply  consider- 
able from  his  imagination.  The  molding  surrounding 
the  panel  often  appears  quite  unlike  on  the  four  sides 
and  the  observer  depends  upon  what  he  knows  to  be 
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Fig.  91  —  Five  different  lightings  of  a  molding. 
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there  rather  than  upon  what  he  sees.  An  example  of 
the  foregoing  is  often  seen  in  picture  frames  hanging 
on  the  wall. 

In  Fig.  92  a  decorative  piece  is  studied  under  three 
lightings.  In  a  is  shown  the  effect  of  lighting  by  means 
of  a  bare  incandescent  lamp  placed  in  the  usual  posi- 
tion below.  The  appearance  of  this  object  is  practically 
the  same  when  illuminated  from  a  position  symmet- 
rically above.  In  b  is  shown  the  effect  of  a  point 
source  at  one  side  and  in  c  the  effect  when  the  light 
source  is  on  the  opposite  side.  The  difference  in  these 
two  last  appearances  is  very  striking.  Note  especially 
the  clearness  with  which  the  four  nodules  near  the 
center  of  the  figure  are  visible  in  b.  These  nodules 
practically  disappear  when  the  object  is  lighted  by  the 
same  bare  lamp  from  a  symmetrical  position  on  the 
opposite  side  as  shown  in  c. 

In  Fig.  93  are  shown  three  different  aspects  of  a 
rosette  under  as  many  different  directions  of  light.  In 
a  the  effect  is  produced  by  a  light  source  at  one  side; 
in  b  practically  the  same  appearance  is  produced  by  a 
light  source  below  although  the  peculiar  annoying  psy- 
chological effect  of  the  shadows  projected  upward  is 
noted  in  this  case;  in  c  the  flat  uninteresting  appear- 
ance is  produced  by  means  of  a  light  source  placed 
nearly  symmetrically  in  front. 

The  predominant  high-lights,  which  produce  the 
extremes  of  brilliancy  and  somberness  depending  upon 
the  hue  and  brightness  of  the  shadows  produced  on 
glossy  metallic  surfaces,  are  shown  in  Fig.  94.  Owing 
to  the  fact  that  the  surface  is  highly  glazed  the  high- 
lights (practically  images  of  the  light  sources)  are  very 
bright.  The  amount  of  diffusely  reflected  light  being 
much  less  than  for  white  surfaces,  the  high-lights 
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(b) 


(c) 
Fig.  92  —  Three  lightings  of  the  same  architectural  object. 
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are  very  much  brighter  than  the  shadows  with  the 
result  shown.  It  should  be  borne  in  mind  that,  for  a 
given  illumination,  the  diffusely  reflected  light  from  an 


(a)  (b) 

Fig.  93  — Three  lightings  of  a  rosette. 


(c) 


unglazed  object,  and  consequently  the  brightness  of 
the  portions  of  the  object  other  than  the  high-lights, 
remains  practically  constant  regardless  of  the  character 
of  the  light  source.  However,  the  brightness  of  the 


Fig.  94  —  Showing  the  prominence  of  high-lights  on  metallic  surfaces. 

high-lights  (more  or  less  perfect  images  of  the  light 
sources)  on  glazed  objects  depends  upon  the  brightness 
of  the  light  sources.  Obviously  the  intrinsic  brightness 
of  the  sources  of  light  affect  the  appearance  of  such 
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glazed  objects  to  a  greater  extent  than  objects  having 
diffusely  reflecting  surfaces  where  the  preceding  effect 
is  absent. 

Much  of  the  discussion  applying  to  sculpture  as 
treated  in  Chapter  VIII  applies  to  architecture  and 
therefore  will  not  be  repeated  here;  however,  there 
are  viewpoints  on  the  effect  of  lighting  that  are  suffi- 
ciently different  to  warrant  further  discussion.  Few 
actual  cases  will  be  considered  because  each  is  so 
different  from  any  other  owing  to  the  many  more  or 
less  direct  influences.  For  this  reason  it  appears  a 
hopeless  task  to  consider  the  many  existing  cases  where 
the  results  of  the  lighting  have  aided  or  hindered  the 
architect  in  realizing  the  desired  effects.  Given  cases 
can  be  analyzed  by  observation  while  bearing  in  mind 
the  general  principles  underlying  the  influences  affect- 
ing light  and  shade.  Natural  lighting  will  not  be  dis- 
cussed because  it  can  not  be  controlled  outdoors  and 
only  partially  indoors.  Hence  for  outdoor  work  the 
effects  desired  must  be  brought  about  wholly  by  design. 
However,  artificial  lighting  will  be  discussed  somewhat 
further  because  it  can  be  made  to  assist  greatly  in 
obtaining  the  desired  effect,  or  through  carelessness  and 
ignorance  can  be  very  detrimental.  Many  points  have 
been  brought  out  in  previous  illustrations  that  can  be 
applied  on  every  hand  to  existing  cases.  It  has  been 
shown  that  architecture  usually  is  not  seen  at  its  best 
in  highly  diffused  lighting  although  there  are  cases 
where  the  complete  effect  is  actually  beautified  by  a 
highly  diffused  lighting.  Rotundas,  domes,  and  such 
spacious  places  which  no  doubt  are  often  to  be  related 
in  the  imagination  to  the  extended  space  of  outdoors, 
are  examples  where  diffused  light,  through  its  par- 
tially obliterating  and  subduing  effect,  produces  the 
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haziness  and  spaciousness  of  outdoors.  However, 
where  the  details  of  the  architecture  are  of  great 
interest,  more  direct  light  is  desirable  but  care  should 
be  taken  not  to  counteract  the  result  by  reducing  the 
ability  to  see  comfortably  owing  to  glare.  From  Fig. 
88  it  is  seen  that  a  light  source  underneath  a  capital 
produces  a  shadow  effect  which  is  quite  undesirable, 
yet  very  often  lighting  brackets  are  placed  in  such 
positions.  If  panelled  walls  are  architecturally  beauti- 
ful, perhaps  it  would  be  profitable  to  arrange  the  light 
sources  so  that  the  moldings  bounding  each  panel 
would  not  appear  greatly  different  on  various  sides. 
If  very  low  relief  is  a  keynote  in  the  decorative  scheme, 
light  of  a  correct  degree  of  directedness  will  bring  out 
the  details  in  a  satisfactory  manner  whereas  highly 
directed  or  diffused  light  will  be  usually  unsatisfactory. 
The  general  light  and  shade  effect  in  an  interior  as  a 
whole  is  almost  entirely  dependent  upon  the  lighting 
system  employed.  Direct  lighting  usually  results  in 
more  light  at  the  lower  levels  and  less  at  the  upper 
walls  and  ceiling.  This  light  and  shade  distribution  is 
somewhat  counteracted  in  many  interiors  by  the  greater 
reflection  coefficients  of  the  ceiling  and  upper  walls. 
With  indirect  lighting  the  light  distribution  is  quite 
reversed  with  the  result  that  light  and  shade  distribu- 
tion due  to  the  unequal  reflection  coefficients  is  en- 
hanced. The  tremendous  effect  of  the  distribution  of 
light  and  shade  upon  the  mood  of  interiors  is  but  little 
appreciated.  Even  in  the  art  of  stage  lighting  the  won- 
derful possibilities  of  light  and  shade  have  been  barely 
touched  upon.  At  this  point  it  is  well  to  note  the  dif- 
ference between  illumination  and  brightness.  The 
former  involves  only  the  quantity  of  light  reaching  a 
surface;  however,  the  brightness  of  a  surface  not  only 
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involves  the  amount  of  light  reaching  it  but  also  the 
reflection  coefficient  of  the  surface.  Only  by  means  of 
a  thorough  knowledge  of  the  influential  factors  can 
complete  harmony  be  attained. 

Inasmuch  as  it  is  the  intention  here  to  present  only 
the  science  of  light  and  shade,  the  object  has  been  ful- 
filled after  presenting  the  general  principles.  However, 
a  few  unusual  examples  of  lighting  as  an  aid  to  archi- 
tecture will  be  presented.  These  illustrations  also 
show  the  possibility  of  increasing  the  actual  hours 
during  which  beautiful  works  may  be  appreciated. 
Man's  activities  have  changed  very  much  since  the 
advent  of  comparatively  efficient  artificial  light.  At 
present  a  considerable  portion  of  his  activities  extend 
hours  after  sunset  and  the  working  hours  of  many 
persons  are  Such  that  recreation  and  opportunities  for 
seeing  the  beautiful  things  about  them  are  only  avail- 
able after  natural  light  has  waned.  For  this  reason  the 
lighting  of  architectural  work  is  welcomed  by  many. 
A  few  examples  of  artificially  lighted  exteriors  will  be 
presented  for  the  purpose  of  further  illustrating  the 
relation  of  lighting  to  light  and  shade  effects  in  archi- 
tecture. In  the  last  chapter  several  examples  of  in- 
terior lighting  and  a  further  discussion  of  architecture 
will  be  found  of  interest  here. 

In  Fig.  95  is  shown  the  effect,  upon  a  characteristic 
style  of  architecture,  of  flbod-lignting  by  means  of  in- 
candescent lamps  hi  projectors  placed  upon  a  build- 
ing on  the  opposite  side  of  the  street.  The  light  comes 
from  above  the  horizontal  and  produces  a  satisfactory 
appearance.  If  it  were  possible  to  place  the  light  source 
somewhat  higher  it  might  appear  that  a  more  artistic 
effect  would  be  obtained.  However,  it  should  be  re- 
membered that  the  shadows  under  such  artificial  light- 
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ing  can  never  be  as  bright  as  under  the  diffused  light 
from  the  sky  and  immediate  surroundings  in  the  day- 


Fig.  95  —  Satisfactory  lighting  of  an  exterior. 

time  so  that  a  too  vertical  direction  of  the  predomi- 
nant light  must  be  avoided  in  order  to  prevent  too 
much  shadow.  Thus  perhaps  it  is  safe  to  state  that 
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in  such  styles  of  architecture  as  represented  in  this 
case,  the  predominant  light  should  come  from  nearer 
a  horizontal  direction  than  would  be  satisfactory  dur- 
ing the  day  in  order  to  prevent  the  result  from  being 
too  bold.  As  a  whole  the  effect  is  quite  pleasing.  Mis- 
takes have  been  made  in  attempting  to  light  such  an 
exterior  by  projecting  the  light  upward  from  posts 
placed  at  the  edge  of  the  sidewalk.  The  effect  is 
unnatural  and  annoying,  as  shown  in  Fig.  88,  and  quite 
in  conflict  with  that  desired  by  the  architect  or  ever 
obtained  on  a  sunny  day  for  which  perhaps  the  work 
was  designed. 

In  Fig.  96  is  shown  an  exterior  of  an  extremely 
opposite  character.  Even  on  a  sunny  day  little  shade 
is  visible  on  such  a  plain  exterior.  When  lighted 
from  a  horizontal  position  as  is  the  case  in  this  illus- 
tration, practically  all  the  architectural  details  are 
brought  out  as  well  as  though  the  light  fell  from  an 
angle  above  the  horizontal.  The  keynote  of  such  an 
exterior  is  plainness  or  flatness  and  the  horizontal 
artificial  lighting  is  satisfactory. 

In  Fig.  97  is  an  illustration  of  the  famous  tower  of 
the  Woolworth  building,  a  striking  Gothic  structure, 
illuminated  by  artificial  light  under  the  supervision  of 
H.  H.  Magdsick.  The  only  practical  method  of  lighting 
this  building  was  found  in  projecting  the  light  upward. 
The  angle  at  which  the  light  was  projected  varies  for 
different  parts  of  the  tower  from  horizontal  to  nearly 
vertical,  the  lighting  units  being  supported  by  both 
the  tower  and  the  main  building.  Owing  to  the  ab- 
sence of  any  portions  that  project  very  much,  the  effect 
of  lighting  from  below  the  horizontal  is  on  the  whole 
quite  striking  and  satisfactory.  The  tower  is  visible 
for  many  miles  as  a  beautiful  decorative  shaft  and 
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represents  perhaps  the  most  striking  exterior  so  far 
illuminated  externally  by  artificial  light.  The  intensity 
of  the  illumination  increases  toward  the  top  and  by 


•§, 


concealing  the  lighting  units  and  projecting  the  light 
from  different  angles,  the  sparkling  effect  superposed 
upon  the  cream  terra  cotta  surface  intermingled  with 
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the  touches  of  blue,  green,  red,  and  buff  makes  the 
whole  a  beautiful  spectacle. 

In  Fig.  98  is  represented  the  effect  of  lighting  the 
well  known  Statue  of  Liberty  in  New  York  harbor. 
This  is  a  case  of  spectacular  lighting  to  be  viewed 
from  a  distance.  As  a  sculptured  object  viewed  closely 
the  effect  of  lighting  from  below  can  not  be  considered 
artistic  but  when  seen  at  a  distance,  as  is  usually  the 
case,  the  effect  as  a  whole  is  quite  striking.  Thus 
another  point  is  worthy  of  consideration,  namely, 
whether  the  architectural  details  of  an  exterior  are  to 
be  viewed  at  close  range  or  the  effect  is  to  be  judged 
as  a  whole  at  a  considerable  distance. 

The  most  stupendous  application  of  artificial  light- 
ing to  exteriors  ever  attempted  is  found  in  the  lighting 
of  the  Panama-Pacific  Exposition.  Hundreds  of  indi- 
vidual effects  were  obtained  by  lighting  groups  of 
sculpture  and  whole  building  exteriors  were  often  only 
a  portion  of  a  grand  scheme.  A  noteworthy  character- 
istic of  this  gigantic  installation  of  lighting  was  the  co- 
operation of  the  architects  and  engineers  with  the 
lighting  specialists,  the  chief  of  whom  was  W.  D'A. 
Ryan.  The  story  of  this  wonderful  undertaking  and 
an  analysis  of  the  harmonious  effects  of  light,  shade, 
and  color  conceived  with  daring  and  executed  with 
perfection,  would  fill  a  volume.  The  lighting  at  the 
Pan-American  Exposition  marked  the  exit  of  the  old 
and  misconceived  idea  of  revealing  the  architectural 
beauty  at  night  by  outlining  the  buildings  with  incan- 
descent electric  lamps  where  the  buildings  furnished  a 
background  for  thousands  of  glaring  points  of  light. 
Many  of  the  outlined  patterns  were  beautiful  and  the 
whole  effect  was  spectacular;  but  the  architectural 
beauty  was  really  obscured.  The  lighting  of  the  Pan- 
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Fig.  97  — The  beautiful  Woolworth  Tower. 
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(Courtesy  of  New  York  Edison  Company.) 

Fig.  98  —  Light  and  Liberty. 
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Fig.  99  —  At  the  Panama-Pacific  Exposition. 


ama-Pacific  Exposition  marks 
and  science  of  illumination, 
masked  lighting  diffused  upon 
and   emphasized  by  brightly 
ally    illuminated    sculptures, 
No  brief  description  can  do 


another  epoch  in  the  art 

It  was  done  chiefly  by 

softly  illuminated  fagades 

lighted  towers,   individu- 

and    many    color    effects. 

adequate  justice  to  this 
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Fig.  100  —  At  the  Panama-Pacific  Exposition. 

wonderful  spectacle  of  light  or  pay  due  respect  to  the 
lighting  genius  in  whose  imagination  it  was  born  and 
through  whose  ability  it  was  brought  to  a  successful  real- 
ization. The  beauty  of  the  whole  exposition  exterior  was 
preserved  and  perhaps  enhanced  by  concentrated  effort 
in  applying  modern  knowledge  of  the  utilization  of  light. 
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In  Fig.  99  is  shown  a  night  view  of  the  Tower  of 
Jewels.  The  effectiveness  of  the  lighting  is  multiplied 
by  the  mirrored  surfaces  of  the  lagoons.  Each  view 
is  replete  with  examples  of  light  and  shade  effects  and 
could  be  long  observed  and  carefully  studied  with 
much  profit.  In  Fig.  100  are  shown  the  illuminated 
Italian  Towers  of  the  Court  of  Flowers  and  their 
images  reflected  from  the  adjacent  lagoon.  Space 
does  not  permit  showing  many  of  the  beautiful  night 
scenes  or  presenting  a  more  extended  discussion.  The 
entire  illumination  effects,  however,  can  be  considered 
as  an  application  on  a  large  scale  of  many  of  the  prin- 
ciples laid  down  throughout  this  book.  It  emphasizes 
the  fact  that  there  is  a  science  of  light  and  shade 
that  must  precede  the  art  and  finally  go  hand  in  hand 
with  it. 

A  further  discussion  of  lighting  and  architecture 
will  be  found  hi  the  last  chapter. 


CHAPTER  X 

LIGHT  AND   SHADE  IN  PAINTING 

By  skillfully  handling  light  and  shade  in  painting 
the  artist  is  able  to  produce  the  illusion  of  three- 
dimensional  objects  upon  a  flat  surface  of  two  dimen- 
sions. It  is  left  to  the  eye  to  infer  the  true  forms  of 
the  objects  represented,  their  nearness  or  remoteness, 
their  positions  with  respect  to  each  other,  and  their 
relative  sizes  in  quite  the  same  manner  that  it  infers 
these  facts  in  nature  —  chiefly  by  the  relation  of  the 
light  and  shade.  It  is  true  that  color  is  a  helpful  aid 
to  the  artist  for  by  its  gradation  in  hue  and  saturation 
the  surface  character  of  objects  is  revealed  and  the 
illusion  of  distance  is  obtained.  Furthermore,  color 
assists  the  artist  in  many  other  ways  closely  related  to 
light  and  shade  effects.  While  the  painter  enjoys  cer- 
tain advantages  such  as  decision  of  shadow  and  a  more 
completely  fixed  effect  of  light  and  shade  in  his  finished 
product  as  compared  with  the  sculptor,  he  is  also  always 
limited  by  the  scanty  range  of  contrast  available  from 
pigments.  The  subject  of  painting1  therefore  provides 
an  interesting  and  fruitful  field  for  studying  the  science 
of  light  and  shade.  Many  of  the  points  discussed  in 
this  chapter  are  directly  applicable  to  stage-craft,  inte- 
rior decoration,  and  the  lighting  of  the  flat  boundary 
walls  of  an  interior. 

In   the   discussion   of  light   and   shade   in  painting 

1  M.  Luckiesh,  London  Ilium.  Engr.,  March  1914;    Lighting  Jour.,  April 
1913;  March  1914. 
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there  are  three  distinct  viewpoints,  namely,  the  ap- 
pearances of  the  actual  objects,  the  process  of  repro- 
ducing these  appearances  on  a  flat  surface  in  light, 
shade,  and  color,  and  the  lighting  of  the  finished  work. 
The  artist  is  in  reality  a  link  between  two  lightings. 
He  attempts  to  preserve  a  certain  expression  of  light. 
This  expression  of  light  is  capable  of  thorough  scien- 
tific analysis,  the  record  however  being  presented  in 
terms  of  measured  brightnesses,  hues,  and  saturations 
of  colors  —  quite  different  from  the  artist's  record. 
The  latter  is  limited  in  accurate  reproduction  by  the 
limitations  of  pigments  which  is  often  a  disadvantage. 
However  the  painting  should  depart  from  realism  to  a 
certain  extent  because  its  object  is  chiefly  to  represent 
what  the  artist  sees  and  perhaps  something  more, 
namely  that  gained  through  the  remaining  senses.  It 
may  be  well  to  dwell  upon  the  difference  between 
that  which  one  sees  and  the  reality.  The  photographic 
camera  can  be  made  to  record  the  detailed  picture  with 
fair  accuracy  but  the  eye  only  sees  a  small  portion  of 
a  scene  in  true  focus,  the  remainder  being  more  or 
less  out  of  focus.  Furthermore,  the  fact  that  sensa- 
tions do  not  instantly  rise  to  full  value  or  decay  to 
zero  complicates  the  making  of  a  painted  record  of 
that  which  is  looked  at  because  the  eye  does  not  see 
an  instantaneous  pose  of  splashing  waves  or  of  a  gal- 
loping horse  unless  for  a  certain  finite  period  of  time 
the  objects  are  stationary.  To  paint  a  record  of  the 
visual  impression  is,  therefore,  extremely  difficult  and 
the  difficulty  increases  when  the  artist  attempts  to 
reproduce  in  light,  shade,  and  color  the  whole  impres- 
sion which  is  the  visual  experience  plus  the  impressions 
gained  through  all  of  man's  interpretive  senses.  Paint- 
ing in  a  broad  sense  is  therefore  the  expression  of 


176     LIGHT  AND   SHADE  AND  THEIR  APPLICATIONS 

impressions  perhaps  greatly  exaggerated  to  produce  a 
fairer  creation  than  that  which  actually  exists.  This 
analysis  of  the  art  of  painting  is  presented  in  order  to 
reveal  the  author's  idea  of  what  painting  does  or  strives 
to  do.  In  the  consideration  of  the  science  of  light  and 
shade  in  painting  it  is  necessary  to  confine  the  discus- 
sion to  realism  and  the  visual  sense  or  to  the  repro- 
duction of  the  appearances  of  objects  as  they  are 
seen  in  true  focus.  Other  data  of  interest  here  are 
presented  in  the  chapter  on  Vision. 

The  range  of  contrast  obtainable  by  means  of  pig- 
ments uniformly  illuminated  is  almost  infinitely  small 
compared  with  the  extreme  ranges  of  contrast  actually 
measurable  in  Nature.  The  reflection  coefficients  of 
representative  substances  are  presented  in  Table  I  and 
from  these  it  is  seen  that  a  very  white  substance,  such 
as  zinc  oxide,  is  about  200  tunes  brighter  than  black 
velvet  and  about  50  tunes  brighter  than  ordinary  black 
cloth  under  equal  intensities  of  illumination.  The 
'  black '  pigments  ordinarily  found  on  the  artist's 
palette  reflect  much  more  light  than  black  velvet  so 
that  the  actual  range  of  contrast  obtainable  by  pig- 
ments alone  is  often  scarcely  thirty  to  one.  How 
insufficient  these  are,  without  the  employment  of  illu- 
sions and  the  dependence  upon  the  imagination,  for 
depicting  light  and  shade  in  Nature !  The  sun  is 
millions  of  times  brighter  than  the  deepest  shadows 
in  the  same  scene.  Even  near  sunset,  the  sun  is 
thousands  of  times  brighter  than  the  deep  shadows  in 
the  same  landscape.  Often  the  sky  is  hundreds  of 
tunes  brighter  than  the  deepest  shadow  and  usually 
a  bright  cloud  is  so  much  brighter  than  the  adjacent 
patch  of  blue  sky  that  the  entire  range  of  contrast  avail- 
able in  pigments  would  be  exhausted  in  representing 
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these  in  true  relative  values  leaving  no  possibility  of 
representing  the  extreme  range  of  brightness  still  re- 
maining in  the  landscape.  These  are  the  fundamental 
facts  regarding  the  limitation  of  light  and  shade  effects 
in  painting,  yet  many  artists  have  been  surprised  on 
hearing  these  statements.  Certainly  every  artist  has 
experienced  these  difficulties  many  times  and  must  be 
acquainted  to  some  degree  with  the  limitations  of  pig- 
ments with  respect  to  their  range  in  brightness  con- 
trast. Much  of  the  data  presented  in  Chapter  VII  is 
of  interest  here.  For  instance  Tables  VII  and  VIII 
illustrate  the  preceding  point  notwithstanding  no  very 
dark  or  bright  objects  appear  in  this  particular  land- 
scape. It  will  be  noted  in  Table  VIII,  however,  that  a 
white  horizontal  surface  (1)  was  50  times  brighter 
than  a  horizontal  gravel  roof  (9)  on  the  sunny  day  and 
77  times  brighter  than  a  red  brick  wall.  If  high-lights 
from  glazed  objects  on  a  sunny  day  and  dark  cavities 
had  been  added  to  this  table,  the  range  of  brightnesses 
would  have  been  many  times  greater.  In  this  connec- 
tion it  is  of  interest  to  describe  an  experiment  which 
emphasizes  the  fact  that  ordinary  black  surfaces,  such 
as  black  paper,  cloth,  or  paint,  reflect  a  considerable 
amount  of  light.  If  a  box  be  lined  with  black  velvet 
and  a  black  cardboard  with  a  hole  in  it  be  placed 
tightly  over  one  end,  the  hole  will  appear  very  much 
darker  than  the  black  cardboard.  In  fact  the  latter 
appears  surprisingly  bright  for  a  black  object.  (See 
Fig.  106.)  In  connection  with  the  foregoing  discussion 
it  is  helpful  to  consider  the  data  presented  in  Chapter 
V  on  the  scale  of  values. 

Neutral  pigments,  white,  black,  and  grays,  remain 
of  the  same  relative  brightnesses  under  any  illuminant. 
This  is  not  true  of  colored  pigments  as  seen  in  Table 
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VI.  The  reflection  coefficients  or  relative  brightnesses 
of  a  series  of  fairly  saturated  colored  pigments  were 
determined  under  daylight  illumination  from  the  sky 
and  also  under  the  light  from  an  ordinary  vacuum 
tungsten  lamp  operating  at  7.9  lumens  per  watt.  It  is 
seen  both  in  the  table  and  in  the  corresponding  illus- 
tration referred  to  above  that  the  relative  brightnesses 
are  quite  different  under  the  two  illuminants.  It  is 
obvious  that  if  a  series  of  colored  pigments  were  made 
less  saturated,  that  is,  were  diluted  with  white  or  gray, 
their  relative  brightnesses  would  not  be  as  greatly 
altered  under  different  illuminants  as  when  they  were 
of  high  purity.  Obviously  if  the  colors  were  mono- 
chromatic (although  none  exist  among  pigments  found 
in  Nature)  their  relative  brightnesses  under  a  given 
illuminant  would  correspond  to  the  relative  amounts  of 
the  corresponding  monochromatic  light  existing  in  an 
illuminant.  An  idea  of  the  relative  brightness  of  one 
of  these  theoretical  monochromatic  pigments  under  two 
different  illuminants  can  be  obtained  by  comparing  the 
relative  amounts  of  energy  of  the  corresponding  wave- 
length in  the  radiation  of  the  two  illuminants  by  means 
of  the  data  presented  in  Fig.  48.  It  should  be  noted 
that  the  curves  in  Fig.  48  represent  relative  energy 
but  not  luminosity.  If  two  curves  be  compared  at  a 
given  wave-length  the  ratio  of  the  ordinates  or  heights 
of  these  curves  at  this  point  represents  in  general 
either  relative  energy  or  relative  luminosity.  This 
does  not  hold  for  a  comparison  of  the  curves  at  differ- 
ent points  because  the  luminosity  is  not  related  in  any 
simple  manner  to  the  energy  throughout  any  range  of 
wave-lengths.  Ordinarily  no  amount  of  energy  beyond 
the  extreme  violet  (about  0.4^)  or  beyond  the  extreme 
red  (about  0.8/0  will  produce  a  sensation  of  light.  The 
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maximum  luminosity  of  a  given  amount  of  radiant 
energy  is  produced  by  a  wave-length  corresponding  to 
the  yellow-green  (about  0.55/x).  These  foregoing  limita- 
tions of  pigments  and  the  effect  of  the  illuminant  on 
the  relative  brightnesses  of  colored  pigments  play  a 
more  important  part  in  painting  than  most  artists  real- 
ize. In  fact  a  full  realization  of  their  importance  is 
not  possible  without  an  intimate  acquaintance  with 
actual  measurements. 

Many  colored  paintings  have  been  analyzed  by 
means  of  a  photometer  arranged  to  measure  bright- 
ness and  the  change  in  the  relative  values  of  a  paint- 
ing as  studied  under  different  illuminants  is  very 
striking.  On  considering  this  effect  along  with  the 
shift  in  the  hues  of  the  different  colors  it  is  obvious 
that  the  appearance  of  a  painting  or  other  vari-colored 
object  is  quite  dependent  upon  the  illuminant  under 
which  it  is  viewed.  In  order  to  demonstrate  the  mag- 
nitude of  the  effects  of  the  illuminant  on  the  relative 
values  let  us  assume  that  a  patch  of  sky  is  represented 
by  means  of  the  blue  pigment  in  Table  VI  and  an 
adjacent  cloud  by  the  yellow.  The  reflection  coeffi- 
cients of  the  two  pigments  for  natural  skylight  enter- 
ing a  window  are  respectively  0.23  and  0.60.  The 
ratio  of  the  brightness  of  the  yellow  pigment  to  that 
of  the  blue  pigment  under  illumination  from  the  sky 
is  2.64.  The  reflection  coefficients  of  the  blue  and 
yellow  pigments  for  the  light  from  the  tungsten  lamp 
used  in  obtaining  the  data  presented  in  Table  VI  were 
respectively  0.17  and  0.65.  The  ratio  of  the  bright- 
ness of  the  yellow  pigment  to  that  of  the  blue  pig- 
ment under  the  illumination  from  the  tungsten  lamp 
is  3.8  or  about  fifty  percent  greater  than  that  under 
skylight  illumination.  Thus  it  is  seen  that  the  illumi- 
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nant  influences  considerably  the  values  or  skeleton  of 
a  painting  or  other  vari-colored  object.  A  number  of 
paintings  showed  very  marked  changes  of  this  char- 
acter. For  instance,  in  one  case  a  patch  of  sky  ap- 
peared of  twice  the  brightness  of  an  adjacent  cumulus 
cloud  under  daylight  illumination  yet  under  the  light 
from  an  ordinary  incandescent  electric  lamp  the  two 
appeared  of  practically  the  same  brightness.  This 
brings  to  mind  another  noteworthy  fact  well  illustrated 
in  this  actual  case.  The  blue  sky  was  of  greater 
brightness  than  the  sunlit  cumulus  cloud,  a  condition 
never  true  in  Nature.  In  fact  sunlit  cumulus  clouds 
are  nearly  always  many  times  brighter  than  blue  sky. 
Many  such  inaccurate  cases  have  been  detected  by 
measurement  although  some  of  them  are  excusable 
owing  to  the  limitations  of  pigments.  It  is  the  desire 
of  the  author  that  these  measurements  be  understood 
as  having  for  their  object  the  study  of  the  science  of 
light  and  shade  and  the  advancement  of  the  art  but 
not  for  the  purpose  of  furnishing  data  to  be  used  as  a 
basis  for  the  criticism  of  paintings.  These  are  the 
facts,  and  science  uses  only  facts.  They  are  presented 
for  the  use  of  the  artist  and  those  engaged  in  the  art 
of  lighting.  It  appears  that  such  data  would  be  of 
extreme  value  to  the  art  student. 

There  are  many  uses  of  light,  shade,  and  color  in 
the  art  of  painting  not  only  in  imitating  the  appear- 
ances of  natural  objects  but  in  conveying  a  mood  or 
in  suggesting  such  a  condition  as  a  glaring,  uncomfort- 
able, hot  day.  The  artist  in  painting  a  barren  desert 
scene  often  adds  to  the  discomforting  impression 
through  the  suggestion  of  a  glaring  hot  sun  by  means 
of  short,  sharply-outlined  shadows  which  do  not  fail 
in  indicating  clear  noon-day  sun.  In  order  to  produce 
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the  illusion  of  intensely  illuminated  colored  objects 
these  colors  when  represented  upon  the  canvas  should 
usually  be  less  saturated  than  the  actual  colors.  On 
the  other  hand  in  this  barren  desert  scene  the  impres- 
sion of  a  bleak,  cold  day  is  produced  by  eliminating 
sharp  shadows.  In  fact,  in  this  case  the  shadows 
would  not  be  clearly  outlined  and  would  be  practically 
absent,  thus  indicating  a  cheerless  overcast  day.  The 
moods  of  Nature  are  numberless  but  the  light,  shade, 
and  color  effects  can  be  studied  with  profit  in  order  to 
have  Nature's  tricks  at  the  tip  of  the  brush.  Many  of 
these  examples  could  be  presented  because  they  are 
always  to  be  seen  if  looked  for  analytically.  The  re- 
sourceful artist  must  be  more  than  a  casual  observer  — 
he  must  be  an  analyst.  The  scientific  facts  must  form 
the  basis  of  any  art  but  of  course  these  must  be  sup- 
plemented by  a  sort  of  legerdemain  in  order  to  express, 
by  means  of  pigments  of  great  limitations,  the  whole 
impression  experienced  while  gazing  at  a  given  scene. 
The  distribution  of  light  upon  a  flat  surface,  such 
as  a  painting,  considerably  influences  the  light  and 
shade  effects  and,  if  carefully  done,  can  aid  somewhat 
in  overcoming  the  limited  range  of  contrast  available 
by  means  of  pigments.  The  lighting  expert  should 
bear  the  same  relation  to  a  finished  painting  as  the 
musician  bears  to  a  musical  composition.  It  is  always 
a  safe  plan  to  illuminate  a  painting  uniformly  by  means 
of  natural  daylight  or  artificial  daylight,  thus  preserving 
the  hues  and  relative  values  painted  by  the  artist. 
However,  inasmuch  as  the  artist  doubtless  realized 
to  some  degree  at  least  the  limitations  of  his  pigments, 
any  intelligent  attempt  to  overcome  the  handicap  im- 
posed by  pigments  of  limited  range  in  contrast  might 
be  welcomed.  In  Fig.  101  are  shown  several  expres- 
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sions  of  the  same  painting  obtained  by  varying  the  dis- 
tribution of  light  upon  its  surface.  In  this  outdoor 
scene  the  actual  contrast  range  was  several  hundred 
to  one.  The  greatest  range  of  contrast  on  the  actual 
painting  was  no  more  than  twenty  to  one  when  the 
painting  was  uniformly  illuminated.  The  actual  sky 
was  perhaps  the  brightest  portion  of  the  scene  and  was 
several  hundred  times  brighter  than  the  deepest 
shadow.  If  this  sky  area  on  the  painting  were  illu- 
minated to  an  intensity  five  times  greater  than  the 
deepest  shadow,  it  would  appear  100  tunes  brighter 
than  the  deepest  shadow.  Thus  by  properly  applying 
an  unequal  distribution  of  light  upon  a  painting  the 
contrast  range  can  be  extended  so  as  to  approach 
somewhat  toward  that  which  is  actually  experienced 
in  Nature.  In  Fig.  101  four  different  appearances  of 
this  painting  due  to  different  distributions  of  the  inci- 
dent light  are  presented.  The  effect  shown  in  a  was 
produced  by  means  of  a  clear  incandescent  lamp  placed 
on  the  left  about  two  feet  from  the  picture  and  some- 
what in  front  of  the  plane  upon  which  the  painting 
hung.  The  limitations  of  photography  prevent  a  very 
satisfactory  reproduction  of  these  effects.  In  b  the 
effect  was  produced  with  the  source  two  feet  from  the 
upper  right-hand  corner,  which  represents  the  best 
lighting  for  this  painting.  The  effect  is  far  superior 
to  that  produced  by  uniform  illumination.  The  effect 
of  lighting  from  the  bottom  is  shown  in  c.  Such  a 
distribution  of  light  actually  decreases  the  contrast 
range  considerably  and  is  to  be  condemned  in  general. 
In  order  to  overcome  the  annoying  specular  reflection 
of  the  image  of  a  badly-placed  light  source  from  the 
glazing  of  the  picture  directly  into  the  eye,  the  light 
source  is  sometimes  placed  below.  This  usually  results 
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Fig.  101  —  Illustrating  the  effect  of  varying  the  distribution  of  light  on  a 

painting. 

in  improper  light  and  shade  distortion  and  actually 
places  a  greater  handicap  upon  the  artist.  Inasmuch  as 
the  brightest  areas  of  paintings  are  usually  at  the  upper 
portions  of  the  pictures,  when  local  lighting  units  are 
used  they  should  be  placed  above  and  in  a  proper 
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position.  In  d  the  effect  of  a  light  source  two  feet 
from  the  upper  left  hand  corner  is  represented.  In 
general,  if  distribution  of  light  is  to  be  used  in  accen- 
tuating the  contrast,  thus  counteracting  the  limitations 
of  pigments  in  this  respect  to  some  degree,  the  best 
rule  is  to  illuminate  the  high-lights  to  a  greater  inten- 
sity than  the  shadows.  In  this  connection  it  is  well  to 
bear  hi  mind  the  difference  between  illumination  and 
brightness.  The  former  deals  with  invisible  light  flux 
quantitatively;  however,  the  latter  depends  not  only 
upon  the  amount  of  incident  light  per  unit  of  area  but 
also  upon  the  reflection  coefficient  of  the  given  area. 

The  method  of  accentuating  light  and  shade  effects 
described  above  is  perhaps  the  best  practical  scheme 
applicable  at  the  present  time.  It  is  not  all  that  can 
be  desired  by  any  means  but  is  worthy  of  application 
in  special  cases  at  least.  Fortunately  most  paintings 
are  brightest  in  the  upper  portions  so  that  the  method 
is  practicable  in  trough  lighting  to  some  degree.  Ob- 
viously no  advantages  as  just  described  can  be  obtained 
in  galleries  where  paintings  are  lighted  by  means  of 
diffusing  skylights  or  non-localized  units.  In  these 
cases  it  is  well  to  consider  carefully  the  extreme  angles 
at  which  the  rays  strike  the  painting  in  order  that 
annoying  reflections  from  the  glazing  or  glossy  surface 
of  the  painting  be  avoided.  Simple  optical  laws  prevail 
here  so  that  bad  conditions  are  usually  inexcusable  and 
can  be  attributed  only  to  ignorance  or  indifference  on 
the  part  of  those  responsible  in  these  cases.  Further, 
light  should  not  fall  too  vertically  on  a  vertically  hung 
picture  owing  to  the  shadows  cast  by  the  frame  and 
by  the  raised  portions  of  the  pigments. 

An  interesting  method  of  accentuating  the  range  of 
contrast  in  the  light  and  shade  of  a  painting,  although 
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impractical  for  actual  use,  was  exhibited  by  R.  W. 
Wood.  A  photograph  of  a  painting  was  taken  and 
from  this  a  transparent  positive  image  was  printed. 
This  positive  was  placed  in  a  projection  lantern  and 
projected  upon  the  original  painting  in  exact  coinci- 
dence, with  the  result  that  the  high-lights  received  light 
through  portions  of  the  positive  that  were  quite  trans- 
parent and  the  shadows  received  light  through  portions 
of  the  positive  which  were  more  or  less  dense.  Thus 
the  contrast  was  increased  very  much.  The  experi- 
ment is  very  edifying.  Many  applications  of  unequal 
distribution  of  light  find  a  welcome  place  in  other  fields 
such  as  interior  lighting,  stage-craft,  and  decorative 
effects. 

Sometimes  it  is  of  interest  to  place  the  lighting 
units  in  approximately  the  same  position  with  respect 
to  the  painting  as  that  occupied  by  the  predominating 
light  source  in  the  actual  scene.  In  some  cases  this 
will  not  be  the  correct  position  for  accentuating  the 
range  of  light  and  shade  but  the  experiments  are  inter- 
esting. A  group  of  photographic  portraits  is  satisfac- 
tory for  such  an  experiment.  Usually  the  original 
lightings  are  sufficiently  diverse  so  that  these  portraits 
can  be  placed  in  various  positions  on  the  wall.  A  wall 
bracket  with  the  light  shielded  from  the  eyes  answers 
the  purpose  very  well.  It  is  very  interesting  to  group 
the  photographs  about  this  unit  on  the  wall  and  to  study 
the  effects.  A  great  deal  of  profitable  study  of  light 
and  shade  can  be  applied  to  the  ordinary  things  about 
us  and  it  is  hoped  that  this  chapter  in  combination 
with  data  in  other  chapters  will  inspire  study  and 
application  of  the  effects  of  light  distribution  on  flat 
surfaces. 


CHAPTER   XI 
LIGHT  AND   SHADE  IN   STAGE-CRAFT 

The  art  of  the  theatre  is  fully  realized  when  the 
text  of  the  play,  the  acting,  and  the  setting  are  har- 
moniously blended.  In  most  plays  the  setting  should 
perform  no  more  positive  service  than  to  provide  a 
proper  frame  for  the  piece.  However,  the  staging  of 
the  play  is  always  of  great  importance  and  can  be  made 
to  aid  in  the  expressiveness  of  the  text  and  in  its  appeal 
to  the  emotions  and  to  the  intellect.  Light,  shade,  and 
color  effects  when  produced  by  an  artist  thoroughly 
familiar  with  the  development  of  the  play  step  by  step, 
and  its  aim  as  a  whole,  can  not  only  provide  a  proper 
frame  for  the  piece  but  can  go  further  and  express 
something  that  spoken  words  can  never  fully  do.  In 
attempting  to  discuss  this  subject  it  is  difficult  to  resist 
dwelling  entirely  upon  the  new  movement  in  the  theatre 
and  to  control  enthusiasm  for  this  movement  which 
has  revealed  so  many  flaws  in  present  stage-craft. 
The  modern  theatre,  of  which  there  are  very  few  ex- 
amples in  existence,  is  the  result  of  a  recognition  of 
the  lack  of  harmony  of  the  play,  its  setting,  and  light- 
ing. The  new  stage-craft  attempts  to  perfect  an  ideal 
presentation  of  the  play. 

The  stage  as  it  exists  today  presents  many  incon- 
gruous and  grotesque  light  and  shade  effects.  The 
foot-lights  produce  lighting  effects  that  are  abomi- 
nable; the  expression  of  the  features  of  the  actors  is 
often  grotesque,  as  exemplified  in  Fig.  60;  and  the 
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distribution  of  light  upon  the  stage  as  a  whole  is  un- 
natural. Not  long  ago  a  stage  setting  consisted  chiefly 
of  flat  canvases  upon  which  everything  possible  was 
painted.  Now  the  box-set  interior  is  common  in  which 
actual  furniture  is  used  but  on  the  flat  canvases  the 
cornices,  moldings,  and  other  projections  are  painted. 
Observation  reveals  the  fact  that  these  painted  shadows 
and  other  light  and  shade  effects  are  never  in  agree- 
ment with  the  real  shadows  and  the  distribution  of 
light  and  shade  produced  by  the  stage  lights.  The 
painted  perspective  can  never  be  exact,  or  even  nearly 
so,  excepting  from  only  one  position  in  the  theatre. 
These  defects  have  been  recognized  but  no  general 
attempt  has  been  made  to  eliminate  them.  In  a  few 
theatres  the  footlights  have  been  abolished  and  the 
lighting  of  the  actors'  faces  has  been  accomplished  with 
lights  behind  the  proscenium  arch.  It  is  true  that  the 
foot-lights  afford  the  easiest  means  for  illuminating  the 
actors  but  artificial  light  can  be  so  easily  controlled 
that  the  difficulties  arising  from  the  elimination  of 
foot-lights  can  be  overcome  by  a  combination  of  the 
resources  of  the  architect  and  lighting  expert. 

Enclosing  walls  are  necessary  in  any  stage  setting 
but  painted  shadows  can  be  reduced  to  a  minimum 
and  often  eliminated  entirely  as  is  done  in  the  new 
theatre  settings.  In  the  new  theatre  the  few  furnishings 
are  always  real  instead  of  being  merely  painted  with 
the  many  resulting  objections,  some  of  which  have  been 
noted  in  the  foregoing  discussion.  The  flats  that  are 
used  should  be  of  such  surface  character  as  to  diffusely 
reflect  the  light  and  with  the  light  sources  properly 
placed  a  satisfactory  distribution  of  light  and  shade 
can  be  obtained.  With  the  same  setting  many  moods 
can  be  expressed  by  merely  manipulating  the  light  and 
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shade  distribution  on  the  various  enclosing  flat  sur- 
faces or  draperies.  This  can  be  demonstrated  very 
readily  in  any  room  but  in  Fig.  113  this  point  is  illus- 
trated in  four  sketches  by  Gordon  Craig,  a  pioneer  in 
the  new  movement  in  the  theatre.  These  illustrate 
the  expressive  ability  of  light  and  shade  distribution, 
for  little  is  changed  in  these  four  illustrations  except- 
ing the  values  or  brightnesses  and  their  distribution. 
On  combining  with  the  possibilities  of  light  and  shade 
those  of  color,  the  stage  artist  controls  resources  of 
unrealized  value.  Such  effects  as  silhouetting  the 
actors  against  a  bright  ground  or  brightly  illuminating 
the  actors  against  a  dark  ground,  a  flood  of  light  or  a 
concentration  of  it  represent  extremes  between  which 
many  possibilities  lie.  All  these  are  obtained  by  the 
simple  but  artistic  manipulation  of  lighting. 

Many  of  the  effects  obtained  in  the  theatre  are 
beautiful  and  impressive  in  themselves.  Even  the 
modernists  of  the  theatre  admit  this  but  their  objection 
lies  in  the  lack  of  harmony  between  play  and  setting 
and  the  failure  of  many  of  these  ingeniously  arranged 
and  lighted  settings  to  assist  the  play  as  an  '  emo- 
tional and  intellectual  stimulus.'  The  new  movement 
was  necessarily  accompanied  by  a  development  of  a  new 
stage-craft.  Flats,  draped  curtains,  and  folding  screens 
of  uniform  tints  have  been  used  for  interior  and  ex- 
terior walls.  The  few  furnishings  such  as  moldings, 
cornices,  mantels,  steps,  and  furniture  are  real,  thus 
appearing  in  true  perspective  and  casting  true  shadows. 
In  the  place  of  the  back  drop-curtain  a  sky-dome  has 
been  used  in  some  of  the  European  modern  theatres. 
This  consists  of  a  dome  of  a  translucent  or  diffusely 
reflecting  medium  of  such  a  texture  that  the  illusion  of 
distance  is  obtained  without  unnatural  perspective. 
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This  atmospheric  background  is  natural  and  incon- 
spicuous and,  therefore,  does  not  attract  the  attention 
from  the  action  of  the  play.  The  effect  is  more  hi 
harmony  with  the  aim  of  the  play  than  the  overdone 
naturalism  obtained  with  the  customary  stage  equip- 
ment. Simplicity  and  the  artistic  use  of  light,  shade, 
and  color  in  a  manner  which  harmonizes  with  the  play 
is  the  keynote  of  the  new  stage-craft.  There  is  a  well 
marked  and  even  unfriendly  disagreement  between  the 
exponents  of  the  old  and  new  stage-craft  but  certainly 
the  old  stage-craft  will  be  benefited  by  the  ideas  that 
are  being  worked  out  in  the  new.  Much  of  the  dis- 
cussion throughout  this  book  is  applicable  to  stage- 
craft so  that  it  is  deemed  best  and  also  sufficient  to 
include  in  this  chapter  only  a  brief  summary  of  the 
important  features  of  light  and  shade  which  should 
receive  attention  in  the  theatre. 


CHAPTER   XII 

LIGHT  AND   SHADE  IN  PHOTOGRAPHY 

In  photography,  light  and  shade  is  of  very  great 
importance  from  many  viewpoints.  Ordinarily  the 
photographic  process  fundamentally  involves  the  action 
of  light  on  silver  salts,  the  combined  action  of  light 
and  chemicals  used  in  the  development  of  the  image 
resulting  in  a  reduction  of  silver.  The  reduced  or 
metallic  silver  being  opaque,  an  image  in  blacks,  grays, 
and  whites  appears  if  the  negative  be  viewed  against  a 
white  surface.  The  amount  of  silver  reduced  depends 
upon  the  duration  of  the  exposure  and  the  intensity 
and  actinicity  of  the  rays  reflected  by  various  portions 
of  the  object  photographed.  The  portion  of  an  object 
which  reflects  practically  no  actinic  rays  will  appear 
quite  transparent  in  the  developed  and  fixed  image  in 
the  photographic  emulsion.  Other  portions  will  appear 
various  shades  of  gray  depending  upon  the  actinic 
value  of  the  radiation  which  these  portions  of  the 
object  reflect.  Thus  the  significance  of  the  term  *  neg- 
ative' is  apparent.  When  a  photograph  is  made  of 
this  negative,  a  *  positive'  picture  results.  Thus  in 
ordinary  photography  it  is  the  aim  to  produce  a  picture 
of  an  object  or  group  of  objects  in  light  and  shade. 
That  true  values  of  light  and  shade  are  seldom  pro- 
duced in  the  photographic  process  must  be  known  to 
all  photographers  but  the  reasons  are  doubtless  more 
or  less  obscure. 

It  is  beyond  the  scope  of  this  treatise  to  present  a 
detailed  account  of  the  interesting  photographic  process 
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but  a  few  chief  points  will  be  brought  out  in  order  to 
make  the  treatment  of  light  and  shade  as  complete  as 
possible.  It  must  be  understood  that  the  '  photo- 
chemical' rays  and  *  visible'  rays  are  not  identical. 
In  fact  some  of  the  rays  which  are  very  active  in  the 
ordinary  photographic  process  are  ultra-violet  rays 
incapable  of  producing  a  sensation  of  light.  The  most 
active  rays  photo- 
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graphically  are  those 
of  wave-lengths  cor- 
responding to  nearly 
the  extreme  short- 
wave end  of  the  visi- 
ble spectrum,  namely 
the  violet  rays  at 
about  0.44yu.  How- 
ever, the  rays  capa- 
ble of  producing  a 
maximum  sensation 
of  light  are  of  those 
wave-lengths  corre- 
sponding to  the  mid- 
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Fig.  102  —  Approximate  spectral  sensibilities  of; 
A,  eye;  B,  ordinary  photographic  emulsion; 
C,  orthochromatic ;  D,  panchromatic. 


die  of  the  visible  spectrum,  namely  the  yellow-green  rays 
at  about  0.55//.  This  point  is  illustrated  diagrammati- 
cally  in  Fig.  102  where  the  curve,  #,  represents  the  spec- 
tral sensibility  curve  of  an  ordinary  photographic  plate. 
Although  photographic  plates  bear  a  great  many  different 
names,  a  great  majority  of  the  plates  commonly  used 
have  spectral-sensibility  characteristics  approximating 
that  shown  in  B.  The  ordinates  or  vertical  heights  of 
the  curve  represent  the  actinicity  or  photochemical  ability 
of  equal  amounts  of  energy  of  various  wave-lengths. 
Perhaps  it  is  well  at  this  point  to  refer  to  the  discus- 
sion of  the  nature  of  light  as  briefly  presented  in  Chapter 
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II.  Curve  A  represents  the  relative  luminosity  of  equal 
amounts  of  energy  of  various  wave-lengths,  the  eye 
being  the  recording  apparatus  in  this  case.  It  is  quite 
obvious  on  comparing  these  two  curves  that  an  ordi- 
nary plate  in  general  can  not  record  light  and  shade  in 
true  values.  For  instance  if  a  series  of  colored  papers, 
which  appeared  of  equal  brightness  to  the  eye  but 
varied  in  hue  from  violet  to  red,  were  photographed, 
the  violet  and  blue  would  appear  white  or  light  gray  in 
the  final  positive  print,  the  green  a  medium  or  dark 
gray,  and  the  yellow,  orange,  and  red  would  appear 
very  dark  gray  or  even  black.  It  is  also  obvious  that 
an  object  might  appear  quite  dark  to  the  eye  as  com- 
pared to  a  yellow  surface  yet  the  former,  if  it  reflected 
the  deep  violet  and  ultra-violet  rays  in  relatively  large 
amounts,  would  appear  quite  a  light  gray  in  the  final 
positive  picture  while  the  image  of  the  yellow  surface 
would  appear  quite  dark.  Thus  it  is  seen  that  the 
ordinary  photographic  plate  can  not  be  relied  upon  to 
furnish  a  reproduction  of  light  and  shade  on  colored 
objects  in  true  values.  If  the  objects  have  the  same 
kind  of  surfaces  and  the  same  reflecting  characteris- 
tics spectrally,  true  values  of  light  and  shade  can  be 
obtained  providing  correct  exposure  and  development 
are  given  and  providing  the  range  of  brightness  to  be 
photographed  does  not  exceed  the  contrast  range 
obtainable  with  the  plate  used. 

There  is  a  general  class  of  photographic  emulsions, 
those  called  orthochromatic,  whose  spectral  sensibility 
extends  somewhat  further  into  the  visible  spectrum  as 
indicated  diagrammatically  by  curve  C.  It  is  not  un- 
usual to  find  photographers  who  believe  these  emul- 
sions ordinarily  render  true  values  of  light  and  shade; 
however,  this  is  not  true  although  they  are  a  marked 
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improvement  over  the  ordinary  emulsion  owing  to  the 
increased  sensibility  to  yellow  and  green  rays.  These 
plates  constitute  only  a  very  small  percentage  of  the 
plates  in  common  use  notwithstanding  their  marked 
superiority  over  the  ordinary  plate  for  some  work.  It 
should  be  noted,  however,  that  the  great  bulk  of  por- 
trait photography  depends  upon  the  light  and  shade 
effects  produced  by  lighting,  the  colors  in  the  original 
object  playing  only  a  relatively  small  part,  especially 
in  the  art  of  portraiture. 

Only  with  the  panchromatic  plate,  one  sensitive  to 
all  visible  rays  as  indicated  in  curve  D,  is  it  possible 
to  record  true  values  of  light  and  shade  hi  general. 
However,  no  panchromatic  plates  are  available  that  will 
do  so  without  the  use  of  a  carefully  made  color  filter. 
Even  the  filters  usually  recommended  for  use  fall  far 
short  in  altering  the  spectral  character  of  the  light  so 
that  the  plate  may  record  true  values.  Usually  the  com- 
bination of  a  panchromatic  plate  and  well-chosen  filter 
will  produce  results  that  are  satisfactory  but  where 
high  accuracy  is  desired  the  filter  must  be  carefully 
made  for  the  particular  plate  to  be  used.  The  making 
of  such  an  accurate  filter  is  a  very  tedious  task.  In 
Fig.  103  is  shown  the  spectral  sensibility  of  a  well- 
known  panchromatic  plate,  P,  compared  with  that  of 
the  eye,  E.  Obviously  in  order  for  a  plate  to  record 
true  values  of  light  and  shade  in  general  its  spectral 
sensibility  must  be  identical  to  that  of  the  eye.  The 
spectral  sensibility  curve  of  a  photographic  emulsion 
can  be  altered  somewhat  by  the  use  of  sensitizers  and 
other  means  but  colored  filters  must  be  used  finally  to 
alter  the  spectral  character  of  the  light  so  that  the  rays 
to  which  the  plate  is  too  sensitive  are  reduced  in  inten- 
sity by  correct  amounts.  Owing  to  a  great  amount  of 
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accurate  work  which  the  author  desired  to  perform  in 
representing  light  and  shade  in  true  values  by  means 
of  the  photographic  plate,  a  filter  was  accurately  made 
and  has  been  kept  properly  correcting  for  a  certain 
panchromatic  plate.  The  accuracy  is  shown  by  the 
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Fig.  103  —  Spectral  sensibility  of  the  eye  (E)  and  of  a  panchromatic 
photographic  plate  (P). 

circles  in  Fig.  103,  which  lie  close  to  the  spectral  sen- 
sibility curve  of  the  eye.  This  is  obtained  by  suppress- 
ing all  of  the  ultra-violet  rays,  a  great  percentage  of 
the  violet  and  blue  rays,  and  quite  a  percentage  of 
the  yellow,  orange,  and  red  rays.  Thus  it  is  seen  pos- 
sible only  by  means  of  a  panchromatic  plate  and  an 
accurate  filter  to  record  true  values  of  light  and  shade. 
There  are,  however,  other  difficulties  that  must  be  met 
properly  and  these  can  be  only  partially  overcome. 

There  is  a  limit  to  the  range  of  brightness  that  can 
be  recorded  by  a  photographic  emulsion  although  emul- 
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sions  differ  considerably  in  this  respect.  The  limita- 
tion of  emulsions  is  quite  comparable  with  that  of 
ordinary  pigments  employed  in  painting.  This  point  is 
illustrated  very  simply  by  means  of  photographic  print- 
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Fig.  104  —  Showing  the  relation  of  the  contast  obtainable  with  photographic 
papers  to  the  maximum  and  minimum  brightness  that  can  be  recorded. 
Scale  for  'maximum  black'  (curve  B)  on  the  left;  scale  for  'maximum 
white '  (curve  W)  on  the  right. 

ing  papers  as  shown  in  Fig.  104.  Obviously  the  range 
of  contrast  obtainable  by  means  of  sensitized  paper 
depends  upon  the  *  blackness'  obtainable  because 
4 whiteness'  is  fairly  constant  for  white  papers.  In 
Fig.  104  are  shown  the  results  of  measurements  on 
eight  different  photographic  printing  papers.1  The 
dashed  line,  Wy  represents  the  maximum  reflecting 
power  (maximum  white)  of  the  unexposed  portions  of 
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the  papers.  The  other  curve,  #,  shows  the  minimum 
reflecting  power  (maximum  black)  obtainable  in  each 
case.  These  values  are  plotted  respectively  on  the 
right  and  left.  Along  the  bottom  are  shown  the  maxi- 
mum gradation  or  range  of  contrast  obtainable  as 
related  to  the  'maximum  black'  and  'maximum 
white.'  It  is  seen  that  the  maximum  contrast  is  avail- 
able with  those  papers  for  which  the  totally  reduced 
silver  produces  the  darkest  gray  or  'black.'  The 
contrast  available  obviously  does  not  depend  upon  the 
'whiteness'  because  this  is  practically  the  same  for 
the  eight  papers.  Photographic  transparencies  such  as 
plates  and  films  can  be  investigated  in  the  same  man- 
ner although  in  these  cases  transparency  is  the  factor 
considered. 

Another  factor  upon  which  the  recording  of  values 
of  light  and  shade  depends  is  the  exposure.  It  has 
been  fairly  well  established  that  the  relation  between 
photographic  density  and  exposure  (or  brightness  or 
actinicity)  is  in  general  similar  to  that  shown  in  Fig. 
105.  The  region  of  correct  exposure  is  the  straight 
portion  of  the  curve.  The  density  of  the  deposited 
silver  is  arrived  at  as  follows: 

light  transmitted 

Transparency  =  T  =     ...... — re- 
light incident 

Opacity  =  O  =  - 

Density  =  D  =  log  O  =  log  — 

The  plate  is  measured  for  its  transparency  at  any 
given  part  and  the  logarithm  of  the  reciprocal  of  this 
transmission  coefficient  is  called  the  density.  Plates 
differ  very  widely  in  their  ability  to  record  ranges  of 
brightness;  that  is,  the  slope  of  the  straight  portion  of 
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the  density-exposure  curves  corresponding  to  that  shown 
in  Fig.  105  varies  with  different  kinds  of  plates.  In  Fig. 
105  the  ordinates  represent  density  and  the  abscissae  can 
represent,  in  general,  actinicity,  exposure,  or  brightness 
of  the  objects  if  they  have  the  same  spectral  reflecting 


2.8 


£  2.0 


o 
•u  1-6 


0.8 


0.4 


ul  235  10  20          3>0  50  100  200, 

.RELATIVE    ACTINIC1TY  OR  EXPOSURE 

Fig.  106  —  Showing  the  relation  of  photographic  action  and  actinicity 
or  exposure. 

characteristics.  The  values  have  been  plotted  on  a 
logarithmic  scale  so  that  relative  distances  along  the 
horizontal  axis  represent  the  logarithms  of  actinicity  or 
exposure.  The  slope  of  the  straight  line  portion  of  the 
curve  is  influenced  by  other  factors  such  as  develop- 
ment. The  range  of  contrast  that  can  be  recorded  on 
photographic  plates  varies  from  a  low  value  to  as  high 
as  250  to  1  or  slightly  higher.  However,  the  range 
that  can  be  actually  reproduced  in  practise  when  the 
positive  is  made  on  sensitized  paper  is  generally  very 
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low,  usually  under  30  to  1.  The  limitation  of  the  pho- 
tographic process  is  thus  seen  to  be  in  general  about 
the  same  as  that  of  pigments.  This  is  not  surprising 
because  in  a  sense  the  reduced  silver  is  merely  a 
neutral  pigment. 

Anyone  desiring  to  photograph  considerable  ranges 
of  brightness  should  select  photographic  plates,  films, 
or  paper  with  care.  Data  on  the  gradations  obtainable 
with  various  plates  often  can  be  obtained  from  the 
manufacturers  of  such  material ;  however,  it  is  a  simple 
matter  to  test  plates  at  hand  by  photographing  a  series 
of  brightnesses  such  as  the  value  scale  described  in 
Table  IV.  An  interesting  experiment,  which  not  only 
illustrates  the  limitations  of  the  photographic  process 
but  also  shows  that  objects  ordinarily  considered  black 
are  really  quite  bright  when  compared  with  an  object 
which  is  practically  black,  is  performed  as  follows.  In 
an  oblong  piece  of  so-called  black  cardboard  having  a 
matte  surface,  two  holes  are  cut.  One  half  of  this 
cardboard  is  placed  over  the  end  of  a  box  which  is 
lined  with  black  velvet,  the  hole  in  the  cardboard  being 
much  smaller  than  the  cross-section  of  the  box.  The 
cardboard  should  be  so  placed  that  one  of  the  holes  is 
in  the  center  of  the  open  end  of  the  box.  The  hole  in 
the  other  half  of  the  cardboard  which  projects  from 
the  box  is  covered  with  black  velvet  glued  on  the  back 
side  of  the  cardboard.  The  procedure  will  be  under- 
stood readily  on  referring  to  Fig.  106  which  is  a  re- 
production of  a  photograph  of  the  '  black  '  cardboard 
containing  one  black  hole,  H,  and  one  hole  covered  with 
4 black'  velvet,  V.  The  limited  range  of  the  two 
photographic  processes  involved  in  obtaining  the  orig- 
inal, namely,  the  negative  which  was  obtained  on  a 
plate  of  more  than  ordinary  gradation  and  the  positive 
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which  was  printed  on  sensitized  paper  exhibiting  a  fair 
range  of  gradation,  is  well  shown.  In  the  final  print 
the  unage  of  the  black  hole  was  as  black  as  could  be 
obtained  on  the  paper,  the  ' black'  velvet  square 
appeared  a  dark  gray  and  the  *  black'  cardboard  with 
matte  surface  appeared  white.  Thus  it  is  seen  that 


Fig.  106  —  Showing  the  different  degrees  of  <  blackness '  of '  black »  card- 
board, '  black '  velvet,  and  a  black  hole.  This  also  illustrates  the  limi- 
tation of  the  photographic  process  in  recording  brightness. 

the  range  of  brightness  represented  by  the  *  black  ' 
cardboard  and  the  really  black  hole  was  as  great  as 
could  be  reproduced  photographically.  As  already 
stated  this  experiment  not  only  illustrates  the  differ- 
ence in  brightness  between  a  real  black  hole  and  ob- 
jects which  are  usually  considered  black  but  also  the 
limitations  of  the  photographic  process. 

The  development  influences  the  slope  and  extent  of 
the  straight  portion  of  the  curve  shown  in  Fig.  105,  thus 
altering  the  relation  of  the  values  of  light  and  shade. 
The  thickness  of  the  emulsion  affects  the  range  of  grada- 
tion obtainable,  in  general  the  thicker  emulsions  yield- 
ing the  larger  ranges.  Obviously,  with  a  plate  having  a 
small  range  of  gradation,  the  detail  hi  shadows  will  be 
obtained  usually  at  the  expense  of  the  detail  in  the 
high-lights  and  vice  versa.  There  are  many  other 


200     LIGHT  AND   SHADE  AND  THEIR  APPLICATIONS 

factors  in  the  photographic  process  which  might  be  dis- 
cussed with  profit  but  the  foregoing  points  are  of  chief 
importance  in  the  science  of  light  and  shade  as  treated 
in  this  book.  It  should  be  borne  in  mind  that  hi  re- 
producing most  of  the  illustrations  in  this  book  several 
photographic  processes  have  been  involved  and  in  many 
cases  the  limitations  as  brought  out  in  the  foregoing  have 
robbed  many  of  the  illustrations  of  some  of  their  value. 
It  is  natural  that  in  a  general  treatment  of  a  sub- 
ject many  other  chapters  contain  data  directly  con- 
nected to  the  phase  of  the  subject  under  discussion. 
This  is  especially  true  in  this  present  case.  The  entire 
book  contains  material  of  interest  to  those  especially 
interested  in  the  art  of  photography,  so  that  much  will 
be  omitted  in  this  discussion.  However,  inasmuch  as 
Nature  is  often  photographed,  one  point  will  be  dis- 
cussed that  has  not  been  touched  upon  in  Chapter 
VII.  It  is  well  known  that  various  illuminants  differ 
in  actinicity  or  actinic  value  per  unit  of  radiant  energy. 
Inasmuch  as  the  photographer  uses  the  eye  as  his 
measuring  instrument,  a  more  practical  unit  of  actinic- 
ity, although  perhaps  not  as  desirable  scientifically,  is 
the  actinic  value  per  unit  of  light  or  brightness.  The 
photographer,  very  wisely,  does  not  often  use  different 
illuminants  at  the  same  tune.  This  is  because  in  general 
the  visual  appearances  of  the  brightnesses  due  to  the 
different  illuminants  will  not  bear  the  same  relation  in 
the  photographic  results.  This  is  obvious  when  it  is  con- 
sidered that  the  actinic  value  per  unit  of  light  differs  with 
various  illuminants.  There  is  one  case  where  the  pho- 
tographer can  not  escape  contending  with  two  different 
illuminants,  namely,  outdoors  on  a  clear  day.  It  has 
been  found  that  skylight  is  practically  twice  as  actinic 
per  unit  of  light  as  direct  sunlight  for  ordinary  plates. 
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This  is  due  to  the  fact  that  there  are  greater  percen- 
tages of  ultra-violet,  violet,  and  blue  rays  in  the  radia- 
tion from  the  sky  than  in  direct  sunlight.  This  results 
in  the  shadows  outdoors  on  a  clear  day  being  more 
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Fig.  107  —  Relative  actinicities  of  sunlight  and  skylight. 

actinic  per  unit  of  brightness  than  the  high-lights.  In 
many  cases  this  tends  to  overcome  the  difficulties  or 
limitations  due  to  a  scanty  range  of  gradation  obtain- 
able with  photographic  emulsions.  Nevertheless  this 
point  must  be  considered  in  outdoor  photography  when 
true  values  of  light  and  shade  are  desired.  In  Fig.  53 
the  relative  luminous  intensities  of  light  from  the  sky 
and  from  the  direct  sun  are  presented.  In  Fig.  107 
the  relative  photographic  effect  of  skylight  and  direct 
sunlight  received  on  a  horizontal  surface  on  a  clear 
day  are  presented  for  an  entire  day.  These  values  are 
not  for  equal  luminous  intensities  but  are  given  for  the 
total  light  without  any  attempt  at  equalizing  the  inten- 
sities. Obviously  the  results  would  differ  on  various 
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days  but  in  this  case  it  is  seen  that  for  a  considerable 
portion  of  the  day,  skylight  was  more  effective  photo- 
graphically than  direct  sunlight,  notwithstanding  the 
illumination  intensity  due  to  the  latter  was  greater 
than  the  former  throughout  a  portion  of  this  tune.  The 
third  curve  whose  scale  is  on  the  right  side  gives  the 
ratio  of  the  photographic  value  of  the  total  skylight 
received  on  a  horizontal  surface  to  that  of  the  total 
direct  sunlight  on  the  same  surface. 

Much  that  has  been  presented  in  the  foregoing  is 
designed  to  prepare  the  photographer  to  reproduce  light 
and  shade  as  satisfactorily  as  possible  whether  the 
light  and  shade  be  on  flat  surfaces  or  three-dimensional 
objects,  or  whether  they  be  vari-colored,  monochromes, 
or  neutral-tinted  surfaces.  Much  could  be  presented 
pertaining  to  the  lighting  of  three-dimensional  objects 
but  a  great  deal  has  been  incorporated  in  previous 
chapters,  especially  in  Chapters  VIII  and  IX.  The 
latter  will  not  be  repeated  excepting  briefly  as  per- 
taining especially  to  the  subject  of  portraiture.  The 
study  of  the  importance  of  lighting  a  subject  in  order 
to  obtain  proper  effects  of  light  and  shade,  is  fully  as 
important  as  posing  the  subject.  Light  should  be  used 
to  model  the  features  properly.  It  is  the  lighting  that 
models  the  objects  and  imparts  variety  and  character 
to  the  composition;  nevertheless  lighting  is  very  much 
neglected  by  many  photographers  notwithstanding  its 
great  importance.  The  pose  and  the  lighting  are  so 
closely  allied  that  much  profit  can  be  gained  by  study- 
ing the  masterpieces  of  art.  It  is  not  the  object  here 
to  attempt  to  discuss  the  art  of  light  and  shade  but 
rather  the  science.  This  has  been  the  aim  throughout 
this  entire  treatise.  Doubtless  a  child  or  woman 
should  generally  be  brightly  lighted  with  soft,  gradated 
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shadows  while  the  portrait  of  a  man  should  show  more 
marked  contrasts  of  light  and  shade.  It  is  the  object  in 
the  following  discussion,  as  in  some  of  the  previous 
chapters,  to  present  the  factors  which  are  of  importance 
in  obtaining  desired  lighting  effects  and  to  show  the 
extreme  simplicity  of  the  procedure.  Many  names 
have  been  applied  to  various  kinds  of  lighting  em- 
ployed by  the  photographer.  Obviously  in  these  many 
variations  and  combinations  of  them,  lies  the  oppor- 
tunity for  individuality.  For  the  present  purpose  light- 
ing in  portraiture  might  be  divided  into  two  classes. 
In  one,  diffused  light  is  distributed  in  masses,  the 
entire  subject  being  placed  hi  the  light.  The  masses 
of  high-lights  should  be  counteracted  by  sufficient 
shadow  in  order  to  give  solidity  to  the  composition  and 
to  avoid  the  monotony  of  flatness.  The  other  mode  of 
lighting  is  that  practised  by  the  great  master  of  light 
and  shade.  Rembrandt  lighted  his  subjects  to  produce 
bold  shadows  which  gave  force  to  his  work.  He  used 
strongly  directed  light  which  resulted  in  deep  shadows 
but  the  secondary  high-lights  received  light  by  reflec- 
tion from  the  adjacent  intense  high-lights.  In  other 
words  his  directed  light  produced  intense  high-lights 
from  which  by  reflection  other  surfaces  appeared  in 
semi-shadow,  the  whole  melting  into  darkness.  Thus 
in  the  two  broad  classes  of  portrait  lighting,  highly 
diffused  light  from  a  source  subtending  a  large  solid 
angle,  and  highly  directed  light  from  a  relatively  small 
source  respectively  predominate.  In  the  first  class  the 
large  bright  areas  dominate;  in  the  second  class  strong 
high-lights  and  the  great  masses  of  shadow  dominate 
in  producing  the  effect. 

In  the  lighting  of  a  subject  the  photographer  must 
consider  and  manipulate  the  same  fundamental  factors 
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as  the  sculptor.  He  must  bear  in  mind  that  his  light- 
ing is  modeling  the  form  by  light  and  shade  which, 
when  reproduced  photographically,  must  be  depended 
upon  to  produce  the  illusion  of  relief.  It  is  not  neces- 
sary to  explain  to  the  photographer  that  lighting,  if 
done  improperly,  will  alter  the  beauty  of  the  model, 
give  hardness  where  softness  is  desired,  exaggerate 
the  defects  of  features,  and  render  harm  in  many 
other  ways.  However,  it  appears  of  value  to  explain 
the  simple  fundamental  factors  involved  hi  lighting 
three-dimensional  objects.  The  writings  on  studio- 
lighting  that  have  come  under  the  author's  observation, 
while  perhaps  more  or  less  successful  in  describing 
various  arbitrary  or  specific  conditions,  ordinarily  do 
not  treat  the  fundamentals. 

It  is  sufficient  in  this  analysis  to  consider  chiefly 
the  formation  of  shadows;  the  high-lights  will  almost 
take  care  of  themselves  as  to  character  because  they 
comprise  what  is  left  after  the  shadows  have  been 
satisfactorily  produced.  The  general  direction  of  the 
shadows  depends  upon  the  position  of  the  dominating 
light  source  with  respect  to  the  subject.  When  this 
source  is  of  large  area  and  not  uniformly  bright,  simple 
shadow  experiments  with  a  pencil  or  other  object  will 
analyze  the  condition  satisfactorily  to  reveal  the  direc- 
tion of  the  predominant  light.  There  is  a  more  or  less 
vague  rule,  which  might  be  called  ' forty-five-degree 
lighting,'  practised  somewhat  by  many  photographers 
perhaps  unconsciously  to  a  great  degree.  This  rule 
possibly  owes  its  origin  to  Leonardo  da  Vinci,  who 
enunciated  the  theorem  that  the  length  of  the  shadow 
of  an  object  should  be  equal  to  the  height  of  the  object. 
Obviously  this  rule  is  too  empirical  to  be  followed 
closely  by  those  striving  for  individualism  in  portrait- 
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ure,  nevertheless  it  doubtless   has  been   the    starting 
point  very  often  for  the  production  of  artistic  pictures. 

The  next  factor  of  importance  is  the  solid  angle 
subtended  by  the  dominating  light  source  at  the  shadow- 
producing  object.  This  determines  the  character  of 
the  edge  of  the  shadow.  When  the  light  source  sub- 
tends a  small  solid  angle  the  edge  of  the  shadow  will 
be  sharp;  but  when  it  subtends  a  large  solid  angle 
the  modulation  from  light  to  shadow  will  be  gradual, 
thus  aiding  in  the  production  of  the  characteristic 
of  softness.  Obviously  the  shape  of  the  shadow- 
producing  edge  is  of  more  importance  with  extended 
sources;  for  instance,  the  shadow  cast  by  a  rounded 
edge  will  show  a  more  gradual  modulation  from  light 
to  darkness  than  the  shadow  cast  by  a  sharp  edge. 
It  is  also  apparent  that  this  difference  will  be  less 
marked  in  the  case  of  the  light  source  which  subtends 
a  small  solid  angle.  For  examples  of  the  foregoing 
the  reader  is  referred  to  many  illustrations  through- 
out the  book,  especially  those  hi  Chapters  III  and  IV. 
The  fact  that  the  character  of  the  edge  of  the 
shadow  depends  upon  the  solid  angle  subtended  by 
the  light  source  and  not  upon  the  actual  size  of  the 
light  source  is  shown  diagrammatically  in  Fig.  108. 
For  simplicity  a  vertical  skylight  of  diffusing  glass  is 
shown  at  ab  and  it  is  assumed  to  be  of  uniform  bright- 
ness. The  dimension  perpendicular  to  the  paper  is 
assumed  to  be  equal  to  that  shown  in  the  diagram  and 
the  shadow-producing  object  is  considered  to  be  at  O. 
It  is  quite  apparent  that  a  uniformly  bright  source  of 
dimensions  equal  to  cd  (both  parallel  and  perpendicular 
to  the  plane  of  the  page)  will  produce  a  shadow  iden- 
tical to  that  produced  by  a  light  source  of  the  dimen- 
sion ab  and  further  away  because  light-rays  travel  in 
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straight  lines.  In  both  cases  the  solid  angles  subtended 
by  the  light  source  at  the  point,  O,  are  equal.  The  same 
is  true  if  the  two  dimensions  of  the  light  source  be 
reduced  to  cf.  Thus  it  is  possible  to  reduce  the  size 
of  the  light  source  and  to  place  the  subject  nearer  to  it 
and  obtain  exactly  the  same  results  as  in  the  original 


Fig.  108  —  Illustrating  that  the  shadow-producing  effect  at 
O  depends  upon  the  solid  angle  subtended  by  the  light 
source  at  the  point,  O. 

case.  Another  interesting  fact  is  that  approximately 
the  same  intensity  of  illumination  at  the  point,  O,  will 
result  hi  all  three  cases  if  the  brightness  of  the  light 
source  (the  diffusing  medium)  be  the  same  in  the  three 
cases.  The  great  advantage  of  portable  artificial  illu- 
minants  is  seen  in  this  diagram.  For  instance,  a  small 
artificial  skylight  can  be  used  with  equal  satisfaction 
to  that  of  a  large  skylight  and  often  with  better  success 
than  a  common  daylighted  skylight  because  the  bright- 
ness of  the  smaller  artificial  skylight  can  be  consider- 
ably greater  without  annoying  glare  to  the  subject. 
Of  course  where  the  studio  must  be  equipped  for  pho- 
tographing groups  a  larger  artificial  skylight  is  neces- 
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sary.  However,  this  problem  can  be  solved  success- 
fully in  the  case  of  the  smaller  artificial  skylight  by 
increasing  the  dimension  perpendicular  to  the  page  in 
Fig.  108.  Many  portrait  photographers  have  not  fully 
appreciated  the  great  advantages  of  modern,  compact, 
portable,  artificial  illuminants  especially  designed  for 
photographic  purposes.  Control  of  the  factors  which 
affect  the  light  and  shade  is  unlimited  in  the  case  of 
satisfactory  artificial  illuminants  but  only  to  a  relatively 
small  degree  in  the  case  of  natural  light. 

The  third  chief  factor  involves  the  brightnesses  or 
reflection  coefficients  of  the  surroundings.  This  factor 
determines  the  relative  brightness  of  the  shadows  be- 
cause these  are  illuminated  by  scattered  or  reflected 
light.  In  the  case  of  sculpture  exhibits  and  many  other 
lightings  the  walls  and  ceiling  must  be  depended  upon 
to  furnish  the  diffused  or  scattered  light  for  illuminat- 
ing the  shadows.  The  boldness  of  the  expression 
obviously  increases  as  the  brightness  of  the  shadows 
decreases,  as  the  shadows  increase  in  area,  and  as  the 
shadow-edges  become  more  sharply  defined.  The 
photographer  usually  obtains  the  scattered  or  reflected 
light  for  the  shadows  by  means  of  portable  screens.  He 
is  therefore  quite  familiar  with  the  importance  of  the 
scattered  light  and  in  the  manipulation  of  the  portable 
screens.  In  the  foregoing  the  three  chief  factors  in 
light  and  shade  production  are  simply  analyzed  and 
illustrated.  From  an  intelligent  manipulation  of  these, 
artistic  pictures  are  bound  to  result. 

As  already  stated  it  is  not  the  intention  to  discuss 
the  artistic  side  of  light  and  shade  in  photography 
chiefly  because  the  object  of  this  book  is  to  present 
the  science  of  light  and  shade.  It  is  safe  to  deal  with 
the  latter  subject  because  one  deals  only  with  facts 
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that  are  indisputable.  On  entering  the  artistic  realm 
one  deals  with  an  indeterminate  problem  because  con- 
clusions are  largely  matters  of  taste  and  attainments 
are  quite  individualistic.  However,  the  author  can  not 
refrain  from  adding  a  few  comments  which  are  largely 
intermingled  with  the  art  of  light  and  shade.  In  begin- 
ning the  production  of  an  artistic  light  and  shade  effect 
in  portraiture  the  subject  must  first  be  posed.  Inas- 
much as  the  figure  composition  and  the  lighting  are 
quite  allied  in  the  final  light  and  shade  effect,  they  must 
be  imagined  as  a  whole  while  each  is  being  more  or  less 
separately  arranged.  The  pose  must  be  studied  with 
definite  lightings  in  mind  and  a  fairly  definite  idea  of 
the  figure  composition  should  be  decided  upon  early. 
The  figure  is  enhanced  pictorially  with  its  possibilities 
in  light  and  shade  clearly  understood.  Contrasts  are 
obviously  essential  but  the  degree  of  contrast  depends 
upon  the  subject.  Besides  this  there  is  another  factor 
which  might  be  called  'tone.'  This,  in  photography, 
is  largely  a  matter  of  selecting  the  plate  and  properly 
timing  the  exposure  and  is  therefore  not  of  direct  im- 
portance from  the  chief  viewpoint  of  the  author.  How- 
ever, it  is  well  to  divide  this  factor  in  the  imagination 
into  several  general  values;  perhaps  three  will  suffice, 
namely,  the  great  middle  tone,  one  above,  and  one  be- 
low. In  exemplifying  this  factor  let  us  use  a  musical 
analogy.  The  musician  may  render  a  motif  pianissimo 
or  fortissimo  but  the  music  remains  unaltered.  A 
painter  may  choose  a  low  or  high  key.  Israel,  the 
famous  Dutch  painter,  stated  the  matter  something 
like  this,  '  I  never  think  of  this  point  but  let  the  sen- 
timent direct  me.' 

It  is   not   the   intention   to   discuss   the   subject   of 
artistic  lighting  extensively  but  it  appears  of  interest  to 
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direct  attention  to  the  great  possibilities  in  portraiture 
obtainable  with  the  very  adaptable  artificial  photographic 
units  that  have  been  perfected  recently.  The  extreme 
portability  of  some  of  these  units,  especially  the  photo- 
graphic tungsten  lamps,  makes  it  possible  to  depart 
from  the  limited  possibilities  of  daylight  or  the  clumsy 
artificial  lighting  units  and  obtain  artistic  effects  in  any 
studio  which  were  rarely  attempted  until  recently. 
That  this  brief  mention  of  the  new  possibilities  will 
be  helpful  to  photographers  seems  evident  from  the 
lack  of  acquaintance  on  the  part  of  many  of  them  with 
the  possibilities  in  artificial  lighting  at  the  present 
time.  Recently  a  photographer,  who  was  demonstrating 
his  methods  before  a  large  audience  of  photographers, 
stated  that  he  lighted  his  subjects  without  much  study 
of  the  lighting  but  trusted  to  the  manipulation  of  the 
development  and  printing  to  obtain  satisfactory  results. 
From  his  methods  of  lighting  it  was  evident  that  he 
knew  very  little  about  obtaining  artistic  effects  in  light 
and  shade.  No  word  of  protest  from  any  photographer 
present  was  recorded  against  this  statement.  Many 
photographers  have  seen  the  advantage  of  the  extremely 
portable  and  adaptable  new  artificial  lighting  units 
although  a  great  number  doubtless  have  not  yet  real- 
ized that  daylighted  studios  can  be  greatly  improved 
upon  and  eliminated  entirely  by  the  use  of  the  most 
modern  artificial  lighting  units  that  can  be  adapted  to 
any  condition. 

A  few  examples  are  presented,  not  from  the  artistic 
standpoint  but  to  illustrate  the  extreme  possibilities 
with  as  few  as  two  small  units  such  as  photographic 
tungsten  lamps.  Such  a  lighting  as  shown  in  Fig.  109 
is  now  possible  with  artificial  lighting  equipment  much 
less  expensive  than  the  ordinary  skylight.  Nearly  all 
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Fig.  109  —  Illustrating  the  possibilities  of  a  readily  portable  photographic 

lighting  unit. 

of  the  numberless  effects  that  can  be  recorded  by  pho- 
tographic emulsions  can  be  obtained  with  as  few  as 
two  lighting  units.  In  Fig.  110.  are  shown  two  very 
different  lightings  of  nearly  the  same  pose.  High-lights 
such  as  these  can  not  be  obtained  with  the  same  ease 
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in  the  daylighted  studio  unless  under  exceptionally 
favorable  conditions.  These  exposures  were  extremely 
short  for  indoor  portraiture  and  represent  merely  aver- 


(a) 


(b) 


(c)  (d) 

Fig.  113  —  Illustrating  the  influence  of  the  distribution  of  light  and  shade  upon 
the  mood  of  a  stage  setting.  (After  Gordon  Craig  in  his  "  Toward  a  New  Theatre.") 

age  results  that  can  be  obtained  very  simply  and  with 
an  inexpensive  equipment.  In  Fig.  Ill  two  extreme 
effects  are  shown  as  obtained  with  the  same  equip- 
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ment,  namely  two  portable  photographic  tungsten  lamps. 
In  Fig.  112  are  shown  two  quite  different  effects  of  light 
and  shade  obtained  with  the  same  two  units  quickly 
altered  in  position.  These  are  sufficient  to  demonstrate 
the  possibilities  of  modern  artificial  lighting  units  which 
are  extremely  portable  and  to  show  that  such  units 
open  new  artistic  fields  to  the  photographer.  It  is  per- 
haps true  that  many  of  the  effects  obtained  by  means  of 
these  artificial  units  can  be  obtained  hi  a  daylighted 
studio  elaborately  equipped  with  curtains  and  screens; 
however,  the  difficulties  are  usually  much  greater  in 
the  latter  case  and  the  results  are  not  always  as  cer- 
tain. The  effectiveness  of  definite  and  artistic  lighting 
is  well  demonstrated  in  moving  pictures.  In  this  field 
the  intelligent  use  of  light  for  obtaining  the  proper 
expression  is  beginning  to  receive  considerable  atten- 
tion by  the  best  moving  picture  directors.  This  fact 
is  demonstrated  in  any  moving-picture  theatre.  Thus, 
without  attempting  to  discuss  the  artistic  side  of  the 
subject  which  is  considered  to  belong  to  the  individual 
photographer,  an  attempt  has  been  made  to  treat  the 
scientific  foundation  of  the  photographic  art  which 
photographers  must  share  alike  among  themselves.  The 
aim  here  has  been  the  same  as  in  other  chapters, 
namely  to  bring  forth  the  importance  of  the  science  of 
light  and  shade  which  must  supply  the  foundation  of 
the  art. 


CHAPTER  XIII 
LIGHT  AND   SHADE  IN  VISION 

Objects  are  visible  owing  to  differences  in  light, 
shade,  and  color.  In  general  the  variation  in  bright- 
ness, that  is,  the  distribution  of  light  and  shade,  is 
more  important  in  revealing  the  forms  of  objects  than 
variations  in  hue.  The  distribution  of  light  and  shade 
forms  the  skeleton  of  a  scene  and  the  hues  the 
drapery.  Color,  however,  plays  an  interesting  part  in 
the  appearances  of  objects,  but  this  subject  has  been 
treated  extensively  in  a  previous  book  on  '  Color  and  Its 
Applications.'  Furthermore,  the  object  of  the  present 
treatise  is  confined  to  the  science  of  light  and  shade, 
therefore  color  has  been  treated  only  in  those  cases 
where  it  is  of  importance  in  influencing  light  and 
shade.  Many  of  these  cases  were  discussed  in  Chap- 
ters VI  and  IX.  For  many  reasons  vision  is  studied 
from  two  chief  viewpoints,  namely  the  distinction  of 
very  fine  detail  and  the  perception  of  brightness  differ- 
ences on  objects  of  relatively  large  size  as  compared 
to  fine  details.  The  first  is  called  visual  acuity  and  the 
second  merely  the  minimum  perceptible  brightness  dif- 
ferences or  brightness  sensibility.  In  many  cases  seeing 
involves  only  one  or  the  other  although  both  are  more 
or  less  intermingled  in  ordinary  vision.  Visual  acuity 
is  not  exercised  in  general  as  much  as  the  perception 
of  brightness  differences  of  surfaces  relatively  much 
larger  in  size.  For  this  reason  the  former  will  be 
briefly  discussed  and  passed  by. 
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Acuteness  of  vision  or  visual  acuity  is  usually 
measured  in  terms  of  the  angle  subtended  at  the 
eye  by  fine  detail  such  as  lines,  small  circles,  letters, 
etc.  Usually  these  are  viewed  against  a  white  back- 
ground although  very  interesting  investigations  have 


456 

ILLUMINATION 


Fig.  114  —  Variation  of  brightness  sensibility  and  visual  acuity  with  brightness 
(illumination  of  a  white  surface  in  foot-candles  as  indicated).  Scale  on  left  is 
per  cent  of  total  brightness. 

been  carried  out  with  colored  backgrounds.  In  the 
latter  studies  even  spectral  colors  have  been  used 
as  fields  against  which  the  test-objects  have  been  ob- 
served. In  Fig.  114  the  upper  curve,  B,  shows  the  rela- 
tion of  visual  acuity  to  the  brightness  of  the  white 
background  under  an  extreme  range  of  illumination. 
Different  methods  and  test-objects  yield  different  abso- 
lute results  but  the  relation  between  visual  acuity  and 
brightness  of  the  background  is  in  general  the  same. 
It  is  seen  when  the  brightness  of  the  background  is 
low,  visual  acuity  increases  very  rapidly  with  increas- 
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ing  brightness  of  the  background.  After  the  brightness 
of  the  background  reaches  a  certain  value,  for  example 
when  the  illumination  of  a  white  surface  reaches  an 
intensity  of  one  foot-candle,  visual  acuity  increases 
only  very  slowly  with  increasing  brightness  of  the 
background.  For  this  reason  acuteness  of  vision  is 
not  greatly  different  for  considerable  ranges  of  illumina- 
tion after  the  critical  point  is  passed.  In  fact  the  rela- 
tion for  ordinary  intensities  of  illumination  might  be 
expressed  thus 

Visual  acuity  =K  log  I. 

In  other  words,  after  the  brightness  of  the  back- 
ground has  reached  a  certain  value,  visual  acuity  is 
proportional  to  the  logarithm  of  the  illumination  inten- 
sity, K  being  a  constant.  Experimental  results  indi- 
cate that  this  law  is  fulfilled  approximately  for  the 
lower  range  of  illumination  although  the  value  of  the 
constant,  K,  is  different.  The  results  with  colored 
backgrounds  are  of  interest  but  not  definite  excepting 
when  pure  monochromatic  spectral  colors  are  used. 
It  has  been  found  that  visual  acuity  is  better  in  mono- 
chromatic light  than  in  light  of  extended  spectral  char- 
acter of  practically  the  same  hue,  and  is  better  in 
monochromatic  yellow  light  than  in  monochromatic 
light  of  any  other  hue.  Of  course,  equal  brightnesses 
of  the  colored  background  are  assumed  in  the  fore- 
going comparisons. 

Visual  acuity  is  exercised  in  a  relatively  small  part 
of  seeing  so  that  the  minimum  perceptible  brightness 
difference  or  brightness  sensibility  is  relatively  more 
important  in  the  science  of  light  and  shade.  Obviously 
vision  or  the  perception  of  differences  in  brightness 
is  essential  in  every  phase  of  the  subject  treated  in 
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this  book  so  that  a  discussion  of  vision  is  quite  apropos. 
What  is  perceived  by  the  eye  depends  as  much  upon 
the  eye  or  the  processes  of  vision  as  upon  what  is  looked 
at.  Most  of  this  book  has  been  devoted  to  the  appear- 
ances of  objects  chiefly  in  regard  to  light  and  shade 
effects.  It  has  been  shown  that  the  appearances  of 
objects  are  quite  under  control  by  intelligently  manipu- 
lating the  factors  which  affect  the  light  and  shade  dis- 
tribution. However,  the  ability  of  the  eyes  to  see  is 
not  under  control;  that  is,  the  processes  of  vision  in- 
volving the  physiological  and  psychological  phenomena 
are  established  and  are  obviously  unalterable.  The 
perception  of  brightness  difference  is  influenced  by  the 
intensity  and  color  of  the  illumination,  by  the  state  and 
rate  of  the  adaptation  of  the  retina,  by  the  distribu- 
tion of  brightness  in  the  visual  field,  and  other  factors. 
A  complete  treatment  of  present  knowledge  pertaining 
to  these  factors  is  beyond  the  scope  of  this  book  but 
the  chief  points  will  be  discussed  because  they  are  of 
more  or  less  importance  in  dealing  with  the  subject  of 
light  and  shade. 

The  minimum  perceptible  brightness  difference  as 
related  to  the  absolute  brightness  which  is  viewed,  that 
is,  to  the  intensity  of  the  illumination  of  a  white  sur- 
face, differs  considerably  depending  upon  the  method 
employed.  Photometric  sensibility  with  refined  methods 
is  within  a  small  fraction  of  one  per  cent  when  the  mean 
is  taken  of  a  large  number  of  observations  made  by 
balancing  a  photometer  field.  However,  if  the  pho- 
tometer field  is  unbalanced  more  and  more  until  the 
brightness  difference  between  the  two  parts  of  the  field 
is  just  perceptible,  the  minimum  perceptible  difference 
ranges  from  1.5  to  several  per  cent  when  the  brightness 
corresponds  to  that  of  a  white  surface  illuminated  to 
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an  intensity  of  one  foot-candle  or  more.  In  Fig.  114 
the  lower  curve,  A,  represents  data  obtained  in  this  man- 
ner. It  is  seen  that  at  low  intensities  of  illumination  of 
the  white  surface  the  minimum  perceptible  brightness 
difference  becomes  quite  large.  Obviously  at  the 
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Fig.  115  —  Koenig's  data  on  brightness  sensibility. 

threshold  of  vision  this  value  becomes  unity.  In  Fig. 
115  the  data  of  A.  Koenig,  who  pioneered  in  the  study 
of  vision,  are  plotted  throughout  a  wide  range  of  illu- 
minations on  a  white  surface.  This  curve  is  an  exten- 
sion of  that  just  referred  to  in  Fig.  114,  the  relative 
illumination  (or  brightness)  in  this  case  having  been 
plotted  on  a  logarithmic  scale.  The  maximum  bright- 
ness sensibility  or  the  minimum  perceptible  brightness 
difference  is  seen  to  be  about  1.6  per  cent.  This  mini- 
mum value  or  the  maximum  brightness  sensibility  of 
the  retina  is  obtained  in  general  under  ordinary  com- 
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fortable  natural  or  artificial  lighting  conditions.  It  is 
seen  from  the  foregoing  data  that  surfaces  differing 
only  a  few  per  cent  in  brightness  are  readily  dis- 
tinguished from  each  other  when  the  intensity  of 
illumination  is  of  the  order  of  magnitude  ranging  from 
ordinary  lighting  intensities  in  interiors  to  comfortable 
conditions  of  natural  lighting  outdoors.  This  range  is 
from  one  to  as  high  as  10,000  foot-candles.  In  ordi- 
nary moonlight,  outdoor  objects  must  differ  in  bright- 
ness by  many  per  cent  before  they  can  be  distinguished 
separately,  which  is  also  true  in  very  uncomfortable 
or  glaring  lighting  conditions.  However,  there  are 
other  conditions  which  affect  the  brightness  sensibility 
of  the  retina  so  that  the  foregoing  statements  are 
incomplete. 

The  eye  functions  satisfactorily  over  an  enormous 
range  as  compared  with  any  instrument  developed  by 
mankind.  It  tolerates  absolute  brightnesses  differing 
from  each  other  by  many  millions  to  one.  For  instance, 
it  is  possible  to  read  for  a  brief  period  with  fair  com- 
fort outdoors  under  direct  noon  sunlight  and  indoors 
under  low  intensities  of  artificial  light,  this  range  of 
intensity  being  represented  by  more  than  ten  thousand 
to  one.  The  conditions  under  which  the  eyes  are  used 
ordinarily  may  be  divided  into  four  classes:  (1)  unob- 
structed daylight  outdoors,  (2)  daylighted  interiors, 
(3)  artificial-lighted  interiors,  (4)  outdoors  at  night. 
In  Table  IX  approximate  averages  are  found  as  pre- 
sented by  Dr.  P.  G.  Nutting.1  The  numbers  in  the 
first  column  refer  to  the  general  conditions  described 
above.  In  the  second  column  are  presented  the  ap- 
proximate mean  brightnesses  encountered  under  the 
four  conditions,  the  brightnesses  being  given  in  terms 

1  Trans.  I.  E.  S.,  X.  1915,  p.  996. 
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TABLE  IX 

The  Sensibility  of  the  Eye  under  Different  General  Conditions  under  which 
the  Eyes  are  used 


Minimum 

Class 

Approximate 
mean 
brightness 

perceptible 
brightness 
difference 

Threshold 
brightness 

1 

1000.        millilambert 

0.0176 

0.35        millilambert 

2 

10. 

0.030 

0.017               " 

3 

0.1 

0.123 

0.0014 

4 

0.001 

0.79 

0.00011 

of  the  millilambert  which  can  be  readily  transformed 
into  other  units  as  shown  in  Chapter  V.  For  conven- 
ience these  brightness  levels  are  evaluated  so  as  to  be 
related  to  each  other  by  multiples  of  100.  Fortunately 
the  values  represent,  sufficiently  closely  for  practical 
purposes,  the  rough  averages  of  brightness  under  the 
various  conditions.  In  the  third  column  is  presented 
the  brightness  sensibility  of  the  retina  under  each 
general  condition.  The  brightness  difference  just  per- 
ceptible under  the  conditions  obtaining  in  an  open 
space  outdoors  on  a  clear  day  (class  1)  is  seen  to  be 
1.75  per  cent  of  the  whole;  that  is,  surfaces  differing 
in  brightness  by  this  amount  are  just  perceptibly  dif- 
ferent to  the  eye  in  brightness.  In  the  fourth  column 
the  threshold  brightnesses  are  presented.  For  instance, 
for  an  eye  adapted  to  a  brightness  level  corresponding  to 
a  mean  condition  outdoors  in  the  daytime,  the  absolute 
brightness  just  perceptible  in  an  immediately  darkened 
enclosure  is  0.35  millilambert.  These  values  are  only 
general  and  vary  considerably  depending  upon  the  distri- 
bution of  brightness  in  the  visual  field,  the  adaptation  of 
the  retina,  and  to  some  extent  upon  other  factors.  Dr. 
P.  W.  Cobb  has  shown  that  the  brightness  sensibility 
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as  studied  by  means  of  a  small  photometric  field  is 
greatest  when  the  surrounding  field  is  of  the  same 
brightness  as  that  of  the  photometric  test  field. 

It  is  common  experience  that  it  is  difficult  to  see 
for  a  few  moments  after  entering  a  brightly  lighted 
room  from  a  dark  room  or  vice  versa.  This  is  due  to 
the  fact  that  the  visual  process  requires  time  to  become 
adapted  to  different  mean  brightness  levels.  The 
pupil,  by  varying  in  size,  protects  the  eye  to  a  consid- 
erable degree  from  the  annoyance,  discomfort,  or  de- 
pressed sensibility  accompanying  a  sudden  change  from 
one  mean  brightness  level  to  another  considerably 
different.  The  iris  does  not  operate  instantaneously 
and  the  retina  requires  tune  to  become  adapted  de- 
pending upon  the  magnitude  of  the  difference  between 
the  two  brightness  levels  and  also  upon  the  period  of 
time  to  which  it  was  exposed  previously  to  the  first 
condition.  Another  example  of  actual  adaptation,  which 
is  complicated  by  the  fact  that  light  sensations  require 
time  for  growth  and  decay,  is  experienced  on  observing 
a  flickering  brightness.  The  frequency  at  which  flicker 
disappears  depends  upon  various  factors  such  as  the 
brightnesses  which  are  alternated,  the  wave-form  of 
flicker,  and  the  color.  This  critical  frequency  is  less 
for  the  smaller  brightnesses.  Another  phenomenon 
which  is  somewhat  related  to  the  foregoing  but  usually 
considered  as  retinal  fatigue  is  that  of  after-images. 
After  fixating  the  eyes  upon  a  bright  surface  if  they  be 
suddenly  shifted  to  a  darker  surface,  a  bright  after- 
image is  visible  which  soon  decreases  in  brightness 
until  it  is  darker  than  the  surroundings.  The  former  is 
called  a  positive  after-image  and  the  latter  a  negative 
after-image.  If  a  dark  object  be  viewed  against  a 
bright  ground,  a  hazy  bright  boundary  is  seen  around 
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the  edge  of  the  dark  object.  This  is  often  due  to  the 
involuntary  slight  shifting  of  the  eyes  and  a  resultant 
spread  of  the  after-image  beyond  the  boundaries  of 
the  dark  object.  This  effect  of  a  bright  hazy  boundary 
may  be  due  in  some  cases  to  the  phenomenon  known 
as  induction  which  is  evident  on  viewing  two  surfaces 
contrasting  in  brightness.  The  dark  and  bright  edges 
which  touch  each  other  often  appear  by  contrast,  darker 
and  brighter  respectively  than  the  remainder  of  the 
respective  surfaces.  Another  phenomenon  often  noted 
is  called  irradiation.  A  bright  object  such  as  the  cres- 
cent of  the  new  moon  appears  larger  than  the  dark 
portion.  This  experiment  can  be  readily  performed  with 
an  incandescent  lamp  filament  the  brightness  of  which 
is  controlled  by  means  of  a  rheostat  or  neutral  tint 
screens  or  with  flat  white  and  black  objects  of  identical 
size  placed  respectively  upon  black  and  white  back- 
grounds. 

The  effect  of  retinal  adaptation  upon  brightness 
sensibility  is  not  difficult  to  study  although  for  thorough 
work  many  factors  must  be  considered.  The  eye  is 
merely  adapted  to  a  certain  brightness  and  then  is 
suddenly  called  upon  to  distinguish  a  certain  bright- 
ness difference.  When  the  eye  is  subjected  to  a  bright 
light  for  a  short  time  the  sensibility  falls  very  rapidly 
at  first,  then  more  slowly.  If  again  exposed  to  darkness 
the  sensibility  recovers  somewhat  more  slowly.  Dr. 
P.  G.  Nutting  l  has  presented  the  data  shown  in  Table 
X  for  a  brightness  of  25  millilamberts,  a  brightness 
quite  blinding  to  an  eye  adapted  to  darkness,  yet  about 
one  fiftieth  as  bright  as  an  average  blue  sky.  Bright- 
ness sensibility  is  inversely  as  the  minimum  per- 
ceptible brightness  difference. 

1  Trans.  I.  E.  S.,  X.  1915,  p.  996;  Nat.  Com.  Gas.  Assn.,  1915. 
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TABLE  X 

Brightness  Sensibility  as  affected  by  Retinal  Adaptation 


Time 

Sensibility  decrease 

Sensibility  increase 

1  sec. 

2.1  times 

1.6  times 

2    " 

4.2      " 

2.6      " 

5    " 

16.2      " 

7.6      " 

10    " 

58.        " 

14.4      " 

600    " 

120. 

20.9      " 

In  order  to  interpret  the  data  the  following  example 
is  given.  If  the  eye  be  suddenly  exposed  to  a  field 
whose  brightness  is  25  millilamberts,  its  sensibility 
after  five  seconds  will  have  dropped  to  about  one  six- 
teenth of  its  dark-adapted  sensibility;  after  ten  seconds' 
subsequent  exposure  to  darkness  it  will  not  have  wholly 
recovered  its  previous  sensibility  when  adapted  com- 
pletely to  darkness.  Many  other  data  could  be  pre- 
sented bearing  upon  various  phases  of  the  subject  but 
the  object  is  only  to  show  in  a  general  manner  how  the 
eye's  ability  to  record  differences  in  brightness  is 
affected  by  various  conditions. 

Extreme  contrasts  in  the  visual  field  are  now  recog- 
nized as  decreasing  the  sensibility  of  the  retina  and 
resulting  in  eye  fatigue.  In  order  to  illustrate  the  tre- 
mendous contrast  ranges  l  the  eye  is  obliged  to  toler- 
ate, assume  a  white  diffusely  reflecting  sphere  to  be 
resting  upon  a  black  paper.  In  ordinary  interiors  the 
average  amount  of  scattered  light  reaching  the  shadows 
of  objects  is  roughly  about  5  per  cent.  The  reflection 
coefficient  of  the  black  paper  is  assumed  to  be  about 
4  per  cent  and  that  of  the  sphere  80  per  cent.  The 
brightest  spot  on  the  sphere  is  about  400  times  brighter 

1  P.  W.  Cobb,  Lighting  Journal,  April,  1913. 
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than  the  shadow  cast  on  the  black  paper.  If  a  gas 
flame  illuminates  the  top  of  the  sphere  to  an  intensity  of 
2  foot-candles,  the  ratio  of  the  brightness  of  the  source 
to  that  of  the  brightest  spot  on  the  sphere  is  about  630 
but  the  ratio  of  the  brightness  of  the  source  to  that  of  the 
shadow  of  the  sphere  on  the  black  surface  is  more  than 
250,000.  If  the  light  source  is  a  frosted  tungsten  lamp 
the  two  ratios  are  respectively  about  1500  and  6,000,000 
and  if  the  light  source  is  a  clear  vacuum  tungsten  lamp 
they  are  respectively  about  250,000  and  100,000,000. 
If  the  modern  gas-filled  tungsten  lamps  or  the  arc 
lamps  had  been  used  in  the  computations  the  range  of 
brightness  which  the  eye  must  observe  and  tolerate 
would  have  been  many  times  greater  and  for  a  source 
of  the  brightness  of  the  sun  the  figures  would  have 
been  incomprehensible.  The  foregoing  conditions  which 
have  been  computed  are  commonly  experienced  in  inte- 
riors and  it  is  seen  from  Chapters  X  and  XII  how 
extremely  limited  are  pigments  and  the  photographic 
process  for  recording  the  extreme  brightness  range 
perceptible  by  the  eye.  The  whitest  pigment  is  no 
more  than  two  hundred  times  brighter  than  the  black- 
est velvet  and  not  more  than  thirty  times  brighter  than 
the  blackest  commercial  pigment  under  equal  intensi- 
ties of  illumination.  A  photographic  plate  that  shows  a 
range  of  gradation  of  250  to  1  represents  practically 
the  greatest  range  that  can  be  realized  photographically. 
When  combining  with  this  photographic  process  a  sec- 
ond more  limited  process,  namely  that  of  printing  a 
positive  upon  printing  paper,  the  ability  of  the  two 
ordinarily  combined  photographic  processes  is  seen  to 
be  about  the  same  as  commercial  pigments.  The  won- 
derful range  of  the  eye  in  recording  brightness  differ- 
ences is  evident  on  comparing  its  ability  to  record 
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brightnesses  over  a  range  of  many  million  with  the 
means  man  has  provided  for  fixing  effects  of  light 
and  shade. 

In  closing  this  brief  discussion  of  the  perception 
of  light  and  shade,  practical  examples  may  be  of 
interest.  Let  us  first  assume  a  single  light  source 
outdoors  placed  high  on  a  street-lighting  standard.  If 
two  surfaces  of  identical  reflecting  characteristics  are 
placed  one  foot  apart  and  parallel  to  each  other  so 
that  then-  respective  distances  from  the  light  source 
differ  by  one  foot,  it  is  obvious  that  their  brightnesses 
will  differ.  These  brightnesses  will  be  proportional  to 
the  reciprocals  of  the  squares  of  the  respective  dis- 
tances of  the  surfaces  from  the  light  source.  The  bright- 
ness differences  are  given  in  fractions  of  the  whole  in 
curve  A,  Fig.  116,  for  mean  distances  as  great  as  200  feet 
from  the  light  source.  When  the  mean  of  the  distances 
of  the  two  parallel  surfaces  one  foot  apart  is  20  feet,  the 
brightness  difference  is  about  9  per  cent.  At  100  feet 
the  brightness  difference  is  about  2  per  cent  and  at  200 
feet  is  about  one  per  cent.  Under  the  best  experimen- 
tal conditions  when  the  eyes  are  adapted  to  this  level 
of  illumination,  the  minimum  perceptible  brightness 
difference  is  at  least  several  per  cent.  Under  the  actual 
conditions  of  variable  retinal  adaptation  and  distract- 
ing causes,  the  eyes  can  not  easily  distinguish  bright- 
nesses that  do  not  differ  by  perhaps  two  per  cent  or 
more.  If  these  two  surfaces  considered  above  were 
steps  one  foot  apart  and  if  in  going  down  the  steps  the 
light  source  were  behind  the  observer,  he  would  have 
great  difficulty  in  distinguishing  the  different  steps  when 
they  are  at  some  distance  from  the  light  source. 
Such  conditions  are  by  no  means  rare  and  indicate 
that,  in  street-lighting  specifications  for  example,  com- 
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putations  designed  to  inquire  into  those  matters  in 
which  the  brightness  sensibility  of  the  eye  is  concerned 
should  be  incorporated. 

Another  example  of  a  similar  nature  is  that  of  a 
staircase  illuminated  by  a  single  light  source  over  the 
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Fig.  116  —  Brightness  differences  that  must  be  perceived  in  practise.  Curve  A 
(lower  scale)  shows  brightness  differences  between  two  parallel  surfaces  one 
foot  apart.  Curve  B  (upper  scale)  shows  brightness  differences  between  ad- 
jacent steps  of  a  stairway. 

middle  at  a  height  ten  feet  above  the  plane  of  the  top 
step.  The  computed  brightness  differences  of  adjacent 
steps  are  plotted  in  curve  5,  Fig.  116.  The  steps  were 
assumed  to  have  risers  eight  inches  in  height;  that 
is,  the  horizontal  planes  of  adjacent  treads  were  eight 
inches  apart.  The  brightness  differences  of  successive 
treads  near  the  top  of  the  stairs  are  in  the  neighbor- 
hood of  ten  per  cent  while  near  the  twentieth  step  the 
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brightness  difference  is  less  than  six  per  cent.  The 
steps  are  distinguished  one  from  another  by  an  ob- 
server descending  the  stairs,  chiefly  by  brightness  differ- 
ences and  perhaps  somewhat  by  irregularities.  The 
steps  should  be  lighted  so  that  the  brightness  differ- 
ences are  sufficiently  high  to  be  easily  observed.  The 
conditions  presented  in  curve  B,  Fig.  116,  are  perhaps 
just  inside  the  minimum  tolerable  and  the  conditions 
shown  in  curve  A  are  quite  undesirable  for  the  greater 
distances.  These  examples  indicate  the  importance  of 
light  and  shade  in  vision  and  also  the  necessity  for  a 
recognition  of  this  relation  in  the  practise  of  lighting. 


CHAPTER  XIV 
LIGHT  AND   SHADE  IN  LIGHTING 

Inasmuch  as  lighting  can  not  be  separated  from  any 
part  of  the  discussion  of  light  and  shade,  this  entire 
book  might  be  considered  as  a  treatment  of  lighting; 
however,  a  brief  discussion  of  various  points  that  bear 
especially  upon  the  comparatively  new  art  of  illumina- 
tion has  been  reserved  for  this  chapter.  Light  and 
shade,  or  the  distribution  of  brightness,  is  generally 
the  most  important  factor  in  vision  and  is  therefore  the 
chief  object  of  lighting.  All  the  effects  of  lighting  upon 
the  appearances  of  objects  which  have  already  been 
treated  in  previous  chapters  are  of  interest  to  every- 
body because  they  have  a  bearing  upon  the  use  of 
light  which  is  essential  to  our  most  important  and 
educative  sense  —  vision.  The  profession  of  illumi- 
nating engineering  is  a  comparatively  new  one,  its  be- 
lated development  no  doubt  being  an  event  of  the 
twentieth  century  owing  to  the  fact  that  only  in  recent 
years  has  there  been  a  variety  of  efficient  illuminants 
available  which  made  it  possible  for  such  a  profession 
to  develop.  Perhaps  the  greatest  criticism  that  can  be 
applied  to  the  general  practise  of  the  art  of  lighting  at 
present  is  the  lack  of  proper  appreciation  of  the  es- 
thetic possibilities  in  lighting.  The  art  of  lighting  is 
usually  practised  by  engineers  and,  until  these  practi- 
tioners have  had  time  to  develop  the  knowledge  and 
taste  required  for  the  treatment  of  the  art,  the  other 
side  of  the  problem,  namely  the  science,  is  likely  to 
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predominate.  The  condition  here  is  quite  the  reverse 
of  that  found  in  several  of  the  arts  already  treated. 
However,  as  the  profession  of  lighting  grows  older,  the 
complete  field  of  the  lighting  expert  is  gradually  be- 
coming recognized.  There  are  many  lighting  experts 
who  long  ago  had  begun  to  realize  that  proper  lighting, 
although  founded  upon  science  as  other  arts  are,  has 
another  side,  namely,  the  artistic.  The  lighting  expert 
must  first  be  fully  acquainted  with  the  fundamental 
scientific  principles  but  he  must  also  be  able  to  look 
through  the  eyes  of  the  architect,  of  the  decorator,  and 
of  other  artists.  When  the  call  came  for  specialists  in 
lighting  none  was  available,  and  the  evolution  of  such 
experts  began  with  the  engineer  as  the  embryo.  For 
a  time  the  various  professions  involved  worked  inde- 
pendently, making  mistakes  that  co-operative  efforts 
would  have  forestalled,  but  gradually,  as  the  depen- 
dency of  the  artist  and  lighting  engineer  began  to  be 
mutually  appreciated,  better  results  appeared.  It  is 
hardly  probable  that  either  will  absorb  the  other  be- 
cause of  the  magnitude  of  both  professions;  instead,  as 
the  illuminating  engineer  develops  a  knowledge  of 
and  a  taste  for  the  art  of  lighting,  the  lighting  expert 
is  evolving.  The  obvious  result  is  that  another  expert 
should  be  consulted  along  with  the  painter,  the  sculp- 
tor, the  architect,  the  decorator,  and  various  engineers 
in  the  prosecution  of  man's  works. 

The  science  of  illumination  has  been  extensively 
treated,  by  others  but  the  art  has  been  comparatively 
neglected.  In  this  chapter  light  and  shade  in  lighting 
will  be  treated  chiefly  in  the  indefinite  region  between 
the  science  and  the  art.  The  discussions  and  illus- 
trations in  previous  chapters  are  highly  applicable  here 
as  elementary  lessons  in  lighting  but  will  not  be  re- 
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peated  unless  necessary;  however,  there  are  a  few 
other  points  of  interest  that  will  be  touched  upon  with 
the  hope  that  the  importance  of  light  and  shade  in 
lighting  will  be  emphasized. 

Light  and  shade  is  of  considerable  interest  in  the 
pure  utilitarian  side  of  lighting.  For  instance,  shadows 
and  cast  shadows  play  an  important  part  in  distinguish- 
ing small  objects.  Diffused  light,  or  light  from  an 
extended  source,  often  makes  it  difficult  or  even  im- 
possible to  distinguish  such  small  objects.  Small  pol- 
ished objects,  such  as  pins  or  needles,  are  often  most 
readily  discernible  by  means  of  the  bright  high-lights 
due  to  specularly  reflected  images  of  light  sources.  In 
the  foregoing  cases  direct  lighting  is  obviously  the  best 
from  the  standpoint  of  distinguishing  objects  providing 
the  installation  is  of  proper  design  so  that  the  ability  to 
see  is  not  diminished  by  glaring  light  sources  in  the 
field  of  view.  In  other  cases,  such  as  are  found  in 
drafting  rooms  and  many  factory  and  office  operations, 
the  absence  of  well-defined  shadows  is  desirable.  In 
such  cases  diffused  light  from  an  extended  source  is 
more  satisfactory. 

Too  often  the  brightness  of  surroundings  is  ne- 
glected in  the  consideration  of  lighting.  Surroundings 
too  bright  or  too  dark  for  a  given  case  produce  eye  fa- 
tigue due  to  too  much  or  too  little  light  or  to  exces- 
sive contrasts.  The  brightness  sensibility  of  the  eye  is 
obviously  affected,  as  shown  in  Chapter  XIII,  by  the 
brightness  of  the  surroundings.  In  many  operations, 
involving  especially  the  perception  of  fine  detail,  the 
brightness  of  the  background  determines  the  bright- 
ness difference  between  the  object  and  the  back- 
ground which  the  eye  is  required  to  distinguish.  Often 
by  changing  the  background  from  one  of  high  reflect- 
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ing  power  to  one  of  low  reflecting  power,  or  vice 
versa,  the  ability  to  see  a  small  object  is  enhanced. 
Sometimes  the  same  result  could  be  obtained,  although 
not  always  as  easily,  by  altering  the  distribution  of 
light. 

In  many  cases  in  designing  lighting  installations 
the  minimum  brightness  differences  which  the  eye  will 
be  required  to  distinguish  should  be  predetermined, 
and  there  should  be  provided  in  the  final  design  a 
sufficiently  large  factor  of  safety  beyond  the  limiting 
brightness  sensibility  of  the  retina.  This  point  is  illus- 
trated by  means  of  two  practical  cases  in  Fig.  116. 

The  comfort  of  the  eye  also  depends  upon  various 
brightness  factors,  namely  the  absolute  brightnesses,  the 
brightness  contrasts,  and  the  variations  of  brightness 
in  the  entire  visual  field.  Experimental  research  has 
not  yet  determined  the  safe  limits  of  the  foregoing 
which  of  course  vary  with  the  mean  brightness  level 
to  which  the  eye  is  adapted.  The  brightness  of  a  clear 
blue  sky  is  approximately  one  lambert  and  can  be 
readily  tolerated  in  the  daytime  with  the  eye  adapted 
to  the  indoor  brightness  level  under  proper  conditions. 
In  interiors  under  ordinary  artificial  lighting,  a  safe 
maximum  brightness  is  250  millilamberts.  A  safe 
maximum  contrast  of  two  adjacent  brightnesses  is  about 
20  to  one.  This  is  approximately  the  ratio  of  the  re- 
flecting power  of  white  paper  to  that  of  black  ink.  The 
non-uniformity  of  illumination  on  the  working  plane  in 
a  given  room  perhaps  should  not  be  greater  than  100 
to  one  in  the  daytime  indoors  and  perhaps  consider- 
ably less  in  the  case  of  artificial  lighting.  The  bright- 
ness sensibility  of  the  eye  is  seen  in  Table  IX,  under 
the  average  conditions  outdoors  in  the  daytime,  to  be 
less  than  two  per  cent  and  indoors  under  ordinary 
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artificial  lighting  conditions  to  be  somewhat  above  two 
per  cent.  The  foregoing  maximum  brightness  and  con- 
trast are  safe  limits  at  least.  Perhaps  no  harm  would 
result  in  exceeding  these  somewhat;  however,  if  pos- 
sible, it  is  well  to  remain  within  the  safe  limits.  Owing 
to  the  scanty  data  available  on  the  foregoing  questions 
it  is  futile  to  discuss  them  extensively.  The  object 
in  touching  upon  the  foregoing  points  has  been  to 
show  that,  from  the  purely  utilitarian  viewpoint,  light 
and  shade  is  of  considerable  importance.  Variations 
in  brightness  are  essential  to  vision,  but  excessive 
brightness  and  brightness  contrasts  are  undesirable  and, 
likewise,  insufficient  brightness  and  contrast  are  not 
conducive  to  satisfactory  seeing.  The  desirable  medium 
is  the  position  for  which  the  lighting  expert  must  strive. 
On  making  certain  that  the  conditions  are  within  the 
safe  limits,  the  esthetic  sense  will  determine  the  dis- 
tribution of  light  and  shade  in  those  cases  where  the 
art  is  of  importance. 

It  is  not  the  aim  in  this  chapter  to  present  a  treat- 
ment of  the  science  and  art  of  lighting  but  to  deal 
with  a  few  of  the  fundamentals  which  will  aid  in  vis- 
ualizing light  and  shade  effects  —  in  general  the  chief 
results  of  lighting.  Directed  light  gives  a  definite  direc- 
tion to  shadows  and  produces  more  or  less  defined 
shadows  depending  upon  the  solid  angle  subtended  by 
the  predominating  light  source  at  a  given  point.  In 
the  case  of  so-called  indirect  lighting,  the  light  is  usually 
reflected  from  the  ceiling;  in  such  a  case  the  ceiling 
is  the  predominant  source  of  light  and  subtends  a 
large  solid  angle  at  any  point  compared  to  that  of 
a  direct  lighting  unit.  The  so-called  semi-indirect 
system  is  a  combination  of  the  so-called  direct  and 
indirect  lighting  systems  and  might  well  be  called 
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a  direct-indirect  system  of  lighting.  In  such  cases 
two  distinctly  different  shadows  cast  by  objects  are 
one  due  to  the  diffusing  bowl  of  the  unit  and  one 
due  to  the  light  from  the  ceiling.  The  proportions  of 
the  two  shadows  depend  chiefly  upon  the  transmission 
coefficient  of  the  translucent  glass  bowl,  that  is,  upon 
the  relative  proportions  of  direct  and  indirect  compo- 
nents. *  Diffused  light'  is  the  term  usually  applied 
to  light  which  reaches  a  given  point  by  reflection  from 
various  objects,  not  including  the  ceiling  in  the  case  of 
indirect  lighting.  Light  that  is  scattered  by  a  sand- 
blasted or  opal  glass  is  often  termed  *  diffused  light,' 
so  that  confusion  often  arises  regarding  the  meaning 
of  this  term.  In  the  following  discussion  this  term  will 
be  used  to  represent 
that  light  which 
reaches  a  given  point 
from  all  objects  with 
the  exception  of  the 
predominant  light- 
ing unit. 

For  the  purpose 
of  visualizing  the 
foregoing,  a  direct 
lighting  unit  will  be 
assumed  so  small  or 
so  far  away  from  a 
given  point  that  it  is 

practically    a     point     Fig.  117  — A  diagram  of  lighting  conditions  at  a 

source  and  the  floor, 
walls,  and  ceiling 
will  be  considered  of  approximately  uniform  reflecting 
power.  Let  the  point  under  consideration  be  at  the  cen- 
ter of  the  circle  in  Fig.  117  and  the  lighting  conditions  at 


point  several  feet  below  a  direct  lighting  unit 
in  an  ordinary  room. 
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this  point  be  studied  by  means  of  a  small  white  diffusely 
reflecting  area  revolving  about  an  axis  through  the  point 
and  perpendicular  to  the  plane  of  the  paper.  The  light- 
ing unit  is  supposed  to  be  hung  vertically  above  the  given 
point.  As  the  small  test  surface  is  revolved  about  the 
axis  its  brightness  would  be  found  to  vary  at  different 
angular  positions  as  shown  by  the  curve  P  if  there  were 
no  diffused  light.  In  fact  this  curve  is  a  circle  tangent 
to  the  horizontal  plane  H  at  the  point  under  consider- 
ation. Obviously  the  maximum  brightness  of  the  test 
surface  obtains  when  it  is  horizontal  and  it  will  have 
direct  light  falling  upon  it  only  as  it  is  turned  through 
180  degrees.  Diffused  light  will  reach  the  point  by 
reflection  from  the  floor,  walls,  ceiling,  and  other 
objects.  For  simplicity,  in  this  case  the  amount  of 
this  diffused  light  reaching  the  point  is  assumed  to  be 
constant  from  all  directions  and  to  amount  to  about  20 
per  cent  as  shown  by  the  circle,  D.  The  total  light 
reaching  the  test  surface  at  any  given  position  is  rep- 
resented by  the  curve  T.  Obviously  the  conditions 
would  be  identical  in  any  other  plane.  Such  conditions 
are  approximated  in  practise  when  an  object  is  illu- 
minated by  a  single,  direct  lighting  unit.  In  the  case 
of  a  direct  lighting  system,  consisting  of  more  than  one 
lighting  unit,  multiple  shadows  are  obtained  and  the 
influence  of  the  various  direct  units  must  be  considered. 
In  order  to  illustrate  the  effect  of  the  reflection 
coefficient  of  the  surroundings,  the  simple  case  of  the 
hollow  sphere  is  taken.  If  a  point  source  of  light  of 
uniform  candlepower,  7,  in  all  directions,  be  placed  at 
the  center  of  the  sphere  and  the  inner  surface  of  the 
latter  be  assumed  to  have  a  reflection  coefficient  equal 
to  R,  the  amount  of  light,  Q,  reaching  a  given  point  on 
this  inner  surface  will  bear  the  following  relation 
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Q= 


Q' 
1-R 


where  Qf  is  the  illumination  on  the  inner  surface  of 
the  sphere  due  to  direct  light  from  the  source  and  is 
equal  to  the  candle  power  of  the  source  divided  by  the 
square  of  the  radius  of  the  sphere. 

If  the  direct  illumination  Qf  is  assumed  to  be  unity, 
then  the  relation  of  the  illumination  on  the  inner  sur- 
face of  the  sphere  to  the  reflection  coefficient  of  the 
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Fig.  118  — Showing  the  effect  of  multiple  reflections  and  the  reflection 
coefficient  in  increasing  the  illumination. 

latter  is  shown  in  Fig.  118.  The  amount  of  *  diffused 
light'  is  found  by  subtracting  the  direct  light  (unity 
in  this  case)  from  the  values  given  on  the  horizontal 
scale.  The  curve  obviously  is  asymptotic  to  the  upper 
horizontal  line.  It  is  seen  by  this  that  the  reflection 
coefficient  of  the  surroundings,  when  large,  is  respon- 
sible for  a  great  deal  of  the  light  that  reaches  a  given 
point  in  the  sphere.  However,  under  ordinary  lighting 
conditions  in  interiors  the  amount  of  diffused  light  that 
reaches  a  given  point  is  usually  of  the  order  of  mag- 
nitude of  5  to  15  per  cent. 
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Another  important  condition  in  lighting  is  the  case 
of  two  direct  lighting  units  placed  a  certain  distance 
apart.  The  light  and  shade  effect  due  to  the  direct 
light  from  the  two  sources  varies  with  the  position  of 
an  object  between  them.  Obviously  an  object  midway 
between  the  units  would  be  equally  illuminated  on  the 
two  sides  respectively  facing  the  units.  For  simplicity 
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Fig.  119  —  Curves  A  and  B  represent  the  relative  illuminations 
(of  a  vertical  plane)  due  respectively  to  two  light  sources  ten 
feet  apart.  Curves  R  and  L  represent  the  ratios  of  the  illu- 
minations of  the  two  sides  (the  lesser  to  the  greater). 

the  units  are  assumed  to  be  ten  feet  apart  which  makes 
it  possible  to  transform  the  results  easily  to  any  dis- 
tance apart.  Theoretically  the  illumination  of  an  object 
located  at  a  zero  distance  from  a  light  source  would  be 
infinite.  The  illumination  of  the  side  of  the  object  fac- 
ing the  light  source  is  assumed  to  be  100  units  at  a 
distance  of  one  foot  from  the  light  source.  The  illu- 
mination varies  inversely  as  the  square  of  the  distance 
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from  the  light  source  and  is  shown  for  the  two  sources 
by  the  curves  A  and  B  respectively  in  Fig.  119.  The 
illuminations  of  the  two  sides  of  a  given  object  which 
respectively  face  the  two  light  sources  are  shown  in 
terms  of  the  ratio  of  the  smaller  to  the  larger  for 
various  positions  by  curves  R  and  L.  In  curve  R  one 
side  receives  more  light  and  in  curve  L  the  other  side 
receives  more  light.  It  will  be  noted  that  this  ratio 
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120  — Influence  of  the  height  of  the  light  source  on  the  relative  vertical 
and  horizontal  illuminations  near  the  horizontal  plane. 


(usually  from  the  standpoint  of  appearances  of  objects 
ratios  are  of  chief  importance)  changes  very  rapidly  for 
some  positions  of  the  object  and  less  rapidly  for  others. 
Similar  conditions  should  be  visualized  in  the  contem- 
plation of  many  distributed  direct  lighting  systems. 

In  Fig.  120  are  shown  the  ratios  of  the  horizontal 
to  the  vertical  illumination  and  also  the  ratios  of  the 
vertical  to  the  horizontal  illumination  at  different  hori- 
zontal distances  from  a  point  source  of  light  along  a 
horizontal  plane  such  as  a  floor  or  street.  These  are 
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shown  for  three  heights  of  the  light  source,  namely, 
2.5,  10,  and  20  feet.  The  straight  lines  represent  the 
ratios  of  the  illumination  E0  on  the  vertical  plane  of 
the  test  surface  to  that  on  the  horizontal  plane  Eh  and 
the  corresponding  curves,  the  inverse  ratios.  These  con- 
ditions cover  a  considerable  range,  for  examples,  from 
the  auto  headlight  to  a  reasonably  high  street  lamp. 
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SUSPENSION  HEIGHTS  IN  PER  CENT  OF  DISTANCE  BETWEEN  TWO  LAMPS 

Fig.  121  —  Influence  of  the  ratio  of  suspension  heights  of  lamps  to 
distance  between  two  lamps  on  the  maximum  and  minimum  illu- 
minations on  the  horizontal  plane.  The  scale  for  the  minimum 
values  is  on  the  right.  The  scale  for  the  other  values  is  on  the  left. 

In  Fig.  121  is  shown  the  variation  of  certain  light 
and  shade  conditions  for  various  relations  of  the  height 
of  two  light  sources  above  a  given  plane  and  their  dis- 
tance apart.  The  intensity  of  the  light  sources  are 
assumed  to  be  uniform  in  all  directions  and  the  mini- 
mum and  maximum  illuminations  along  the  plane 
were  computed.  These  are  shown  in  the  curves  as 
designated  and  also  the  ratio  of  the  maximum  to  the 
minimum  illumination.  These  are  conditions  that  the 
lighting  expert  should  be  able  to  visualize  approxi- 
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mately  in  considering  any  direct  lighting  installation  of 
a  similar  nature. 

An  analysis  of  the  illumination  conditions  along  the 
horizontal  plane  between  two  units  hung  10  feet  above 
it  and  100  feet  apart  is  presented  in  Fig.  122.  The 


I0o 


&0 


70 


<   60 


50 


50 


40  50  60 

DISTANCE;  IN  FEET 


/\ 


100 


Fig.  122  —  An  analysis  of  the  illumination  due  to  two  units,  AI  and  A2, 100  units 

of  distance  apart. 

light  sources  are  assumed  to  be  of  equal  intensity 
in  all  directions;  that  is,  they  have  light-distribution 
curves  as  shown  by  Al  and  A2.  The  subscripts  refer  to 
the  two  sources  respectively.  H,  V,  and  N  represent, 
respectively,  the  horizontal,  vertical,  and  normal  illu- 
minations of  a  test  surface  near  the  horizontal  plane. 
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The  normal  illumination  is  that  received  by  a  surface 
placed  perpendicular  to  the  line  joining  the  test  sur- 
face and  the  light  source.  It  is  unnecessary  to  discuss 
these  data  because  the  results  can  be  best  visualized 
by  a  study  of  the  curves.  The  results  for  sources 
having  non-uniform  distribution  curves  can  be  readily 
obtained  from  the  foregoing  curves  by  multiplying  points 
on  the  latter  by  the  proper  ratio. 
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Fig.  123  —  Variation  of  the  ratio  of  upward  to  downward  light  with  height  above 
the  floor  in  an  interior. 

Another  case  of  practical  interest  is  shown  in  Fig. 
123,  in  which  a  portion  of  the  data  obtained  in  an  ex- 
tensive comparison  of  the  natural  and  artificial  lighting 
conditions1  in  ordinary  interiors  is  presented.  The 
room  was  lighted  by  means  of  windows  on  two  adja- 
cent sides.  In  order  to  show  the  enormous  difference 
in  the  distribution  of  light  in  a  room  lighted  by  means 

1  Trans.  I.  E.  S.,  Oct.,  1912,  p.  388. 
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of  light  from  the  sky  entering  ordinary  windows  and  a 
direct  lighting  unit  near  the  center  of  the  room,  the 
ratio  of  the  upward  to  the  downward  light  is  chosen. 
The  ceiling  and  walls  of  this  room  were  of  moderate 
reflecting  power  and  the  floor  somewhat  less.  The 
measurements  were  made  by  means  of  a  horizontal 
white  diffusing  surface  whose  brightnesses  on  the 
upper  and  lower  sides  were  measured  at  various  heights 
from  the  floor.  It  is  seen  that  the  results  under  the 
two  conditions  are  very  different.  The  ratio  of  the  up- 
ward light  to  the  downward  light  is  not  only  enormously 
greater  for  natural  lighting  through  windows  but  in- 
creases with  the  height  of  the  point  considered  while 
this  ratio,  which  is  quite  small  for  the  artificial  lighting 
system,  decreases  with  the  height.  The  results  for  all 
three  artificial  lighting  systems,  namely  direct,  semi- 
indirect,  and  indirect,  were  quite  similar  and  the  same 
general  differences  between  the  natural  and  artificial 
lighting  systems  were  obtained  in  rooms  differing 
greatly  in  furnishings.  Many  other  differences  were 
brought  out  in  the  investigation  but  the  foregoing  is 
sufficient  to  emphasize  the  greatly  different  light  and 
shade  effects  obtained  under  the  two  general  con- 
ditions in  such  an  interior  as  a  whole  or  in  the  ex- 
pression of  objects  of  three  dimensions.  As  already 
stated  these  various  illustrations  have  been  presented 
in  order  to  assist  in  visualizing  various  conditions 
found  in  practise  which  influence  light  and  shade. 

Lighting  is  not  generally  enough  considered  in  rela- 
tion to  the  architectural  and  decorative  schemes  of 
interiors.  The  author  has  given  much  attention  to 
these  relations  during  the  past  few  years,  beginning 
from  the  scientific  side  of  lighting  with  the  aim  to 
meet  the  architect  and  decorator  upon  the  common 
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ground  where  architecture,  decoration,  and  lighting  in- 
termingle. This  study  has  revealed  the  magnitude  of 
the  possibilities  of  blending  light  and  shade  effects, 
due  entirely  to  light  distribution,  into  harmony  with  the 
decorative  plan  and  the  evident  lack  of  co-operation 
between  those  responsible  for  the  decoration  and  for  the 
lighting.  In  this  discussion  the  artistic  design  of  fixtures 
is  not  considered  at  all  because  the  architect  or  deco- 
rator is  usually  responsible  for  these,  and  color  is  not 
considered  here  because  it  has  already  been  treated  as 
completely  as  intended.  Only  the  results  of  lighting  - 
light  and  shade  —  will  form  the  basis  of  the  following 
brief  discussion. 

In  interiors,  objects  of  two  and  three  dimensions 
are  to  be  considered.  It  is  often  believed  that  the  light 
and  shade  of  a  flat  surface  is  fixed,  but  this  is  not  true. 
By  the  use  of  pigments  of  various  reflection  coefficients 
the  decorator  produces  a  certain  brightness  distribu- 
tion apparently  independent  of  the  lighting.  Never- 
theless these  surfaces  reflect  certain  percentages  of 
the  incident  light  and  their  brightnesses  will  vary  with 
respect  to  each  other  depending  upon  the  relative 
amounts  of  light  falling  upon  them;  that  is,  upon  the 
distribution  of  light.  Obviously  the  distribution  of 
light  varies  enormously  depending  upon  the  system 
installed,  so  that  the  work  of  the  decorator  is  somewhat 
at  the  mercy  of  the  lighting  expert. 

To  a  greater  degree  is  the  work  of  the  architect  at 
the  mercy  of  the  lighting.  The  light  and  shade  of 
three-dimensional  objects  is  very  largely  dependent 
upon  the  lighting.  The  shadows  shift  with  the  light 
source,  their  brightness  depends  upon  the  amount  of 
reflected  light,  and  their  general  character  depends 
upon  the  size  of  the  dominating  light  source  and  its 
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distance.  The  first  general  impression  of  an  archi- 
tectural design  is  gained  through  the  distribution  of 
large  masses  of  light  and  shade;  the  details  are  con- 
sidered later.  Inasmuch  as  both  the  general  light  and 
shade  effects  and  the  appearance  of  the  details,  such  as 
pilasters,  capitals,  friezes,  etc.,  are  influenced  enor- 
mously by  the  lighting,  the  latter  should  be  considered 
as  an  intimate  part  of  the  design. 

The  importance  of  considering  the  lighting  effects 
in  conjunction  with  the  purely  architectural  design 
will  be  emphasized  by  means  of  a  few  examples.  Un- 
fortunately it  is  difficult  to  obtain  photographs  that 
illustrate  these  points  owing  both  to  the  limited  bright- 
ness sensibility  of  the  photographic  process  compared 
with  that  of  the  eye  and  to  the  difficulty  of  obtaining 
actual  cases  which  exemplify  only  one  point  clearly. 
However,  nearly  every  interior  supplies  a  lesson,  and 
often  many,  in  the  study  of  lighting  results  in  relation 
to  architecture  and  decoration.  Many  simple  lessons 
are  found  in  Chapter  IX.  One  of  the  chief  functions 
of  architecture  is  to  provide  shelter  and  protection,  and 
lighting  can  often  aid  in  bringing  forth  such  an  im- 
pression. For  instance,  assume  a  large  room  crossed 
by  beams  projecting  below  the  flat  ceiling.  The  spaces 
between  the  beams  might  be  either  plain  or  ornamental. 
If  plain,  they  need  not  be  lighted  very  brightly  but  if 
ornamental  the  illumination  should  be  sufficient  and 
the  lighting  system  of  such  a  character  as  to  make  the 
ornamental  design  plainly  visible.  The  lighting  units 
should  not  directly  obscure  the  design  as  would  be 
the  case  with  large  units  hung  reasonably  close  to  the 
ceiling,  nor  should  the  lighting  units  be  much  brighter 
than  the  ceiling  in  order  to  avoid  obscuring  the  design 
by  the  glare  resulting  from  them.  Usually  an  indirect 
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or  semi-indirect  unit  would  illuminate  such  a  ceiling 
satisfactorily  but  the  height  at  which  such  units  are 
hung  is  important.  In  this  room  it  is  assumed,  as  is 
quite  usually  the  case,  that  the  beams  and  ceiling  are 
of  high  and  practically  equal  reflecting  power.  In  order 
for  the  beams  to  supply  the  impression  of  strength  and 
stability  they  should  be  darker  than  the  remainder  of 
the  ceiling.  They  can  be  made  to  appear  darker  either 
by  providing  their  surfaces  with  a  coating  of  lower  re- 
flection coefficient  than  the  remainder  of  the  ceiling 
or  by  illuminating  them  to  a  lower  intensity.  To  paint 
them  a  darker  shade  might  not  always  be  considered 
possible  by  the  decorator  in  his  decorative  plan.  In  such 
a  case  the  lighting  can  be  depended  upon  to  provide 
the  impression  of  supporting  ability  or  strength.  The 
results  are  quite  the  same  in  either  case.  In  order  to 
obtain  the  foregoing  result  by  means  of  lighting,  the 
light  sources  must  be  hung  between  the  beams  and 
close  enough  to  the  ceiling  so  that  the  under  side  of  the 
beams  at  least  will  receive  appreciably  less  light  than 
the  remainder  of  the  ceiling.  This  is  briefly  an  actual 
condition  that  was  difficult  to  solve  owing  to  the  lack 
of  a  definite  correlation  of  architectural  design,  deco- 
ration, and  lighting  in  the  early  plans.  This  problem 
was  solved  by  means  of  small  semi-indirect  units  of 
low  brightness  hung  midway  between  the  beams  and 
as  far  from  the  ceiling  as  possible  without  permitting 
direct  light  to  illuminate  the  under  side  of  the  beams. 
It  appears  strange  that  the  decorative  possibilities 
of  light  and  shade  obtained  by  means  of  lighting  have 
barely  been  recognized  by  architects  and  interior  deco- 
rators. For  instance,  let  us  take  the  case  of  an  actual 
ornamental  ceiling  in  which  one  of  the  recurring  ele- 
ments of  the  design  is  a  square  recess  of  reasonable 
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size.  Such  a  ceiling  would  ordinarily  be  flooded  with 
light,  including  the  prominent  beams  which  enclose 
square  flat  areas  hi  the  center  of  which,  and  of  about 
one  half  the  total  area,  the  recessed  squares  occur.  A 
so-called  semi-indirect  unit  could  be  designed  to  illu- 
minate the  latter  recesses  rather  brightly  by  means  of 
the  direct  upward  light,  the  remainder  of  the  large 
square  only  moderately  by  means  of  light  from  the 
diffusing  glass  of  the  unit,  and,  if  the  unit  were  hung 
at  a  proper  height,  the  beams  would  receive  only 
scattered  light.  Thus  the  supporting  ability  of  the 
beams  would  be  preserved,  the  decorative  treatment  of 
the  ceiling  would  appear  entirely  harmonious,  and  gen- 
eral satisfaction  would  result  from  the  very  evident 
co-operation  between  the  lighting  expert,  the  decorator, 
and  the  architect.  To  obtain  the  foregoing  result  a 
lighting  unit  must  be  especially  designed  but  the  optical 
principles  involved  should  present  no  difficulties  to  the 
lighting  expert.  Symmetry  is  a  keynote  in  such  designs. 
Why  should  not  the  lighting  be  accurately  and  design- 
edly symmetrical?  The  symmetrical  arrangement  of 
the  ceiling  outlets  is  not  sufficient,  for  it  is  symmetry  in 
lighting  effects  and  ornamental  design  that  is  often 
necessary  to  complete  the  harmony. 

Let  us  consider  another  case,  namely  a  large  dome 
with  a  small  skylight  at  the  top  and  arches  intersect- 
ing the  lower  portion  of  the  dome  on  the  four  sides. 
Obviously  the  lighting  possibilities  can  be  almost  as 
varied  as  the  general  decorative  treatment.  A  dome 
can  be  made  to  express  the  spaciousness  of  out- 
doors, the  mystery  of  the  dark  sky,  or  the  shadowless 
conditions  of  an  overcast  day,  respectively,  by  high, 
low,  or  moderate  brightness.  These  effects  can  be 
enhanced  by  a  proper  lighting  of  the  intersecting  arch- 
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ways.  The  whole  can  be  considered  as  an  interior 
lighted  primarily  by  means  of  a  patch  of  sky  —  the 
skylight  —  as  in  the  case  of  the  Pantheon  at  Rome 
which  is  lighted  through  a  circular  unglazed  orifice 
in  the  crown  of  the  dome.  The  entire  dome  might 
be  faintly  lighted  from  a  pedestal  at  the  center  of 
the  floor  and  the  shadow  of  the  dome  deepened  by 
contrast  with  the  brightly  lighted  archways.  Another 
treatment  which  would  result  in  the  dome  proper 
being  of  relatively  low  brightness  would  be  to  light 
only  the  archways  directly,  the  dome  receiving  only 
a  portion  of  the  reflected  light.  These  treatments 
are  simple  from  a  lighting  standpoint  but  the  one 
selected  should  aid  in  carrying  out  the  architect's  con- 
ception. It  is  obvious  that  the  lighting  results  might 
very  often  tend  to  defeat  the  artistic  expression  con- 
ceived by  the  architect.  Too  often,  even  during  the 
first  lighting  of  beautiful  architectural  works,  there  is 
insufficient  co-operation  between  the  lighting  expert, 
the  architect,  and  the  decorator,  and  this  mistake  is 
very  common  in  the  redesign  of  lighting  systems  in 
beautiful  old  buildings. 

In  the  lighting  of  large  flat  areas  such  as  walls, 
especially  when  these  are  covered  with  mural  paintings, 
the  distribution  of  light  often  is  not  carefully  consid- 
ered. It  has  been  shown  that  the  distribution  of  light 
on  a  painting  can  materially  affect  the  relative  values; 
that  is,  in  Chapter  X  it  was  shown  that  the  light  and 
shade  of  a  painting  is  not  completely  fixed  as  is  com- 
monly supposed.  It  is  possible  by  an  uneven  distribu- 
tion of  light  on  a  mural  painting  to  accentuate  its  mood 
beyond  that  which  the  artist  is  able  to  express  by 
means  of  pigments  owing  to  the  limitations  of  the 
latter. 
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Next  let  us  consider  briefly  an  ordinary  residential 
living  room.  Such  a  room  has  been  likened  to  a  pic- 
ture, the  floor  representing  the  foreground;  the  walls, 
the  middle  distance;  and  the  ceiling,  the  sky.  Pos- 
sibly the  general  light  and  shade  plan  of  an  interior  of 
this  character  has  evolved  through  some  such  mental 
comparison  and  partially  due  to  eye  comfort.  It  is 
true,  nevertheless,  that  ceilings  are  almost  always 
brighter  than  the  walls  and  the  latter  often  are  gradated 
in  increasing  brightness  from  the  bottom  toward  the 
top.  The  floor  coverings  are  often  of  the  same  order 
of  brightness  as  the  lower  walls.  The  foregoing  bright- 
nesses assume  uniform  lighting;  that  is,  they  are  due 
entirely  to  different  reflection  coefficients.  If  anyone 
does  not  believe  that  the  distribution  of  light  in  such  a 
room  alters  the  mood  or  general  impression,  let  him 
try  the  experiment  first  in  a  room  whose  walls  and 
ceiling  are  of  fairly  high  reflecting  power.  A  change 
from  direct  to  indirect  lighting  is  sufficient  to  illustrate 
that  the  distribution  of  light  very  greatly  alters  the 
mood  of  such  a  room.  This  effect  is  not  as  striking  in 
rooms  in  which  the  decorator  has  partially  fixed  the 
light  and  shade;  nevertheless,  by  means  of  coatings  of 
rather  low  reflecting  power,  the  decorator  can  not  en- 
tirely eliminate  the  effect  of  lighting.  Lighting  fixtures 
which  make  it  possible  to  vary  the  monotony  of  arti- 
ficial lighting  should  eventually  become  quite  popular. 
A  fixture  that  is  so  constructed  as  to  make  it  possible 
to  flood  the  upper  portion  of  the  room  with  light,  or  to 
localize  the  light  over  a  library  table,  thus  leaving  the 
remainder  of  the  room  in  semi-darkness,  permits  the 
realization  of  various  moods  and  relieves  monotony  by 
means  of  various  light  and  shade  effects.  This  is  done 
in  well-lighted  homes  by  a  combination  of  proper  light- 
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ing  fixtures  and  one  or  more  decorative  library  lamps. 
This  point  was  brought  out  in  the  study  of  the  distribu- 
tion of  brightness  in  Nature  described  in  Chapter  VII. 


In  Figs.  124  and  125  the  foregoing  is  exemplified  to 
some  degree  by  the  two  different  lightings  of  the  same 
room. 
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In  a  dining  room  the  most  important  object  is  the 
table.     Obviously  light  and  shade  effects  are  largely  a 


matter  of  taste;  however,  there  are  few  sound  argu- 
ments for  flooding  the  ceiling  of  an  ordinary  dining 
room  with  light.  Light  concentrated  on  the  table  with 
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the  remainder  of  the  room  illuminated  by  diffused  light 
of  a  warm  tone  is  an  effect  quite  generally  desired 
and  appreciated  by  students  of  lighting.  The  sociability 


arising  among  those  grouped  around  the  table  is  fos- 
tered by  the  feeling  of  being  hemmed  in  by  semi- 
darkness  possibly  through  the  primal  instinct  which 
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takes  one  back  in  imagination  to  the  joy  of  the  campfire. 
All   art   appeals   partially   at   least   through   association 
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with  past  events.  Previous  experiences  are  quite  dif- 
ferent for  different  persons  so  that  esthetic  tastes 
can  not  always  coincide.  Nevertheless  there  is  a  defi- 
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nite   distinction  between  light  and  shade   distributions 
that  are  esthetic  and  those  that  are  unesthetic. 
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No  further  attempt  will  be  made  to  discuss  the 
esthetics  of  light  and  shade  in  lighting,  for  the  chief 
object  has  been  to  point  out  how  such  effects  can  be 
controlled  and  to  suggest  their  importance  in  lighting 
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Fig.  134  —  The  lighting  patterns  the  impressive  vaulted  arches  in  light 
and  shade  with  a  resulting  solemnity. 

both  from  the  utilization  and  artistic  standpoints.  The 
illustrations  in  Figs.  124  to  135  are  presented  to  show 
the  great  possibilities  in  light  and  shade  effects.  The 
results,  as  feebly  shown  photographically,  can  be  best 
interpreted  by  each  individual  for  himself.  A  variety  of 
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Fig.  135  —  The  diffused  lighting  reveals  the  beauty  of  the  interior  yet  does 
not  obliterate  the  ornament.  The  bright  surroundings  inspire  cheerfulness 
and  symbolize  enlightenment. 
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photographs  have  been  chosen  which  represent  many 
different  moods  and  relations  of  lighting  to  the  general 
architectural  and  decorative  plans. 
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(In  Preparation.) 

Luckiesh,  M.    Color  and  Its  Application 8vo,  *3  oo 
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Marlow,  T.  G.     Drying  Machinery  and  Practice 8vo,  *5  oo 

Marsh,  C.  F.     Concise  Treatise  on  Reinforced  Concrete  8vo,  *2  50 
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Mathot,  R.  E.     Internal  Combustion  Engines 8vo,  *6  oo 
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Maxwell,  W.  H.,  and  Brown,  J.  T.     Encyclopedia  of  Municipal  and  Sani- 
tary Engineering 4to,  *io  oo 

Mayer,  A.  M.     Lecture  Notes  on  Physics 8vo,  2  oo 
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Meade,  R.  K.    Design  and  Equipment  of  Small  Chemical  Laboratories, 

8vo, 
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Merivale,  J.  H.  Notes  and  Formulae  for  Mining  Students i2mo,  i  50 
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Monckton,  C.  C.  F.     Radiotelegraphy.     (Westminster  Series.) 8vo,  *2  oo 
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Nugent,  E.     Treatise  on  Optics i2mo,  i  50 
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Parr,  G.  D.  A.     Electrical  Engineering  Measuring  Instruments.  ..  .8vo,  *3  50 
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Paterson,  G.  W.  L.     Wiring  Calculations 12010,  *2  oo 

—  Electric  Mine  Signalling  Installations 121110,  *i  50 
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Perkin,  F.  M.    Practical  Methods  of  Inorganic  Chemistry xarno,  *i  oo 
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Perrine,  F.  A.  C.     Conductors  for  Electrical  Distribution 8vo,  *3  50 
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Petit,  R.     How  to  Build  an  Aeroplane.     Trans,  by  T.  O'B.  Hubbard,  and 
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—  Engine   Testing    8vo,  *4  50 
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— —  The  Steam-engine  and  Other  Prime  Movers 8vo,  5  oo 

Rankine,  W.  J.  M.,  and  Bamber,  E.  F.     A  Mechanical  Text-book 8vo,  3  50 
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Richards,  W.  A.,  and  North,  H.  B.    Manual  of  Cement  Testing. . .  .  i2mo,  *i  50 

Richardson,  J.     The  Modern  Steam  Engine 8vo,  *3  50 
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Roebling,  J.  A.     Long  and  Short  Span  Railway  Bridges folio,  25  oo 

Rogers,  A.     A  Laboratory  Guide  of  Industrial  Chemistry i2mo,  *i   50 

Rogers,  A.     Industrial  Chemistry 8vo,  *s  oo 

Rogers,  F.     Magnetism  of  Iron  Vessels.     (Science  Series  No.  30.) .  i6mo,  o  5o 
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Schmeer,  L.     Flow  of  Water 8vo,  *3  of 

Schumann,  F.    A  Manual  of  Heating  and  Ventilation 121110,  leather,  i  50 

Schwarz,  E.  H.  L.     Causal  Geology 8vo,  *2  50 

Schweizer,  V.    Distillation  of  Resins 8vo,  *s  50 
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neering   i6mo,  leather,  3  50 
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Seligman,    R.     Aluminum.      (Metallurgy    Series.) (In  Press.} 
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—  Alloys  (Non-Ferrous) 8vo,  *3  oo 

The  Metallurgy  of  Iron  and  Steel 8vo,  *6  50 

.Seymour,  A.     Modern  Printing  Inks 8vo,  *2  oo 
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Snow,  W.  G.,  and  Nolan,  T.     Ventilation  of  Buildings.     (Science  Series 
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Templeton,  W.     Practical  Mechanic's  Workshop  Companion. 
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Vol.   II.    Design  of  Simple  Structures *4  oo 

Vol.  III.    Design  of  Advanced  Structures (In  Preparation.) 
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